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PREFACE. 


* 

3E  biographical  portion  of  this  volume  was  brought  to  a 
close  and  printed  earlj  in  1887.    This  fact  will  account 
occasional  references  in  it  to  persons  and  events  which  are 
in  exact  accord  with  the   present   state  of  things.     The 
uent  and  larger    portion    of    the    volume    consists  of  a 
ion  from  a  very  extensive  correspondence  between  Sir  W. 
Hamilton    and  Professor  Augustus  De  Morgan.    To  make 
selection  has  involved  the  expenditure  of  much  time  and 
The  quantity  of  material  was  so  great  that  I  have  had 
ixdude  matter  that  possessed  inherent  value,  either  because 
in  subject  unsuited  to  this  work,  or  because,  being  mathe- 
cbI,  the  investigations  carried  on  were  too  abstruse  or  too 
ded.     The  general  reader  will  perhaps  complain  that  I 
introduced  more  than  enough  of  mathematical  investiga- 
but  he  will,  I  hope,  withdraw  this  complaint  when  he  calls 
d  that  it  was  as  scientific  men  that  the  writers  corre- 
ed,  that  it  would  be  unjust  to  them  if  their  correspondence 
mted  should  not  retain  this  character,  and  that  the  mathe- 
discussions  did  in  fact  most  often  afford  suggestion  to 
lay  of   thought   which,    passing    beyond   the   boundaries 
dence,    prompted   the   wit  and   the   learned  and  pleasant 
P  which  all  readers    wiU    enjoy.     Its    possession    of  the 
^ts  last  mentioned  was  the  circumstance  which  determined 
k>  place  this  correspondence  in  immediate  connexion  with 
liography.    In  some  instances  I  have  given  a  condensed 
Uent  of  the  mathematical  matter    under  discussion.    For 
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suoh    statements   I  have,    in   important    cases,    been    indebted 
to    the   soientifio   knowledge  of   Mr.    G.    L.   Oathcart,    M!.  A., 
F.  T.  0.  D.,  who  has  also  by  his  advice  and  information  saved 
me  from  printing  what  had  either  ceased  to  be  of  interest  to 
the  scientific  reader,  or  had  been  afterwards  published  by   flie 
writers  themselves.    I  cannot  but  take  this  opportunity  of  pub- 
licly  expressing  my  gratitude  to    Mr.   Cathcart  for  a  seirvioe 
from  which  the  readers  of  the  correspondence  wiU  derive  much 
benefit,  and  which  cost  him  a  sensible  addition  to  the  labours 
of  his  well-occupied  days. 

Another  great  service  to  me  and  to  this  work  demands  my 
ample  acknowledgment,   although  that  acknowledgment  cannot 
now  be  received  by  her  who  had  so  amply  earned  it.      Miss 
Emily  Anne  Napier,  of  whom  I  feel  it  an  honour  to  have  been 
a  friend  and  distant  kinsman,  voluntarily  undertook  to  perfect 
for  me  the  chronological  arrangement  from  the  beginning  oi 
the  original  letters  of  Sir  W.  B.  Hamilton  and  his  friends,  and 
to  make  year-lists  of  them,  noting  the  principal  contents  of 
each  letter.     This  task,  calling  for  great  accuracy,  method,  and 
perseverance,   was  fully  accomplished  by  her,  notwithstanding 
interruptions  from  illness  and  from  many  other  calls  of  friend- 
ship and  benevolence.     It  was  not  unlike  the  service  rendered 
by  her  admirable  Mother  to  her  Father,  the  Historian  of  the 
Peninsular  War,  and  I  am  deeply  sensible  of  the  extent  of  the 
obligation  under  which  it  has  laid  me. 

To  my  friend  Dr.  Ingram,  S.P.T.C.D.,  I  must  here  express 
renewed  thanks  for  continuing  to  this  volume  the  invaluable 
advantage  which  my  work  has  derived  from  his  revision  of  the 
proof-sheets,  and  from  the  indication  of  errors  detected  by  bis 
wide  and  accurate  knowledge. 

In  the  first  volume  a  note  was  made  of  the  fact  that  I  was 
indebted  to  a  friend  for  the  Index  appended  to  it.  I  feel  now 
at  liberty  to  state  that  the  friend  referred  to  was  Mrs.  Edward 
Dowden,  and  in  thus  rendering  her  my  thanks  for  a  valu- 
able service  spontaneously  offered,   I  am  happy  to   have  the 
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^fxfftaniiy  of  mentioniBg  that  in  the  course  of  my  labours 
I  haye  leoeiYed  unfaih'ng  assistanoe  from  her  distinguished 
faofibandy  wheneyer  I  was  at  a  loss  as  to  a  poetical  allusion, 
or  as  to  any  point  connected  with  literature. 

The  Index  of  the  present,  as  of  the  second  volume,  has  been 
carefnlly  prepared  by  Mr.  T.  W.  Lyster,  B.A.,  of  the  National 
library  of  Ireland,  to  whom  I  am  also  indebted  for  most 
efficient  aid  in  drawing  up  the  list  of  Sir  W.  B.  Hamilton's 
vorks,  and  of  publications  connected  with  them — a  list  which 
vill  be  found  more  complete  than  that  of  the  Boyal  Society. 

I  should  fail  to  perform  an  act  of  justice  were  I  not,  in 
regard  to  Mr.  Q.  Weldrick,  of  the  University  Printing  Office, 
and  his  principal  assistant  Mr.  Booney,  to  acknowledge  grate- 
fully the  invariable  attention  I  have  received  from  them,  and 
the  care  they  have  taken  in  directing  the  printing  of  this  work. 
Nor  ought  I  to  omit  my  thanks  to  the  Beaders  and  CSompositors 
engaged  upon  it  for  the   pains  they  have  taken  to  secure  its 
freedom  from  typographical  errors.    All  have  worked  as  if  they 
^eie  taking  a  willing  part  in  honouring  the  memory  of  an 
illnstrions  countryman;    and,  although  misprints,  inevitable  in 
any  large  work,  and  particularly  in  one  introduciDg  extensively 
mathematical  formulae,  are  to  be  met  with  in  these  volumes,  it 
13  trusted  that  they  may  fairly  claim  credit  for  a  more  than 
average  correctness  of  typography. 

Lastly,  I  renew  the  expression  of  my  heartfelt  obligation  to 
the  Board  of  Trinity  College  for  their  liberality  in  taking  upon 
themfiehes  the  expense  of  publishing  this  work,  intended  to  be 
A  fiiU  record  of  the  scientific  achievements,  the  varied  attain- 
ments, and  the  personal  character,  of  an  eminent  alumnus  of 
the  Uniyersity  of  Dublin,  and  aleo  for  their  grant  made  at  the 
beginning  of  my  undertaking  of  the  sum  of  £100  towards  the 
payment  of  amanuenses  employed  by  me  during  the  course  of 
my  vork. 

Of  the  imperfections  of  that  work,  resulting  from  my  not 
Doing  a  mathematician,  and  from  other  deficiencies,  I  am  fully 
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conscious ;  but  I  commit  it  to  the  public  in  the  confidence  that 
its  materials,  being  the  authentic  documents  of  the  minds  of 
Hamilton  and  his  friends,  will  constitute  it  an  enduring  monu- 
ment of  the  man  as  well  as  of  the  mathematician,  and  in 
thankfulness  to  the  Source  of  all  blessings  that  I  have  been 
enabled,  through  a  long  period  not  unbroken  by  illness  and 
trial,  to  cany  on  to  the  end  my  humble  part  in  building  it  up. 


R.  P.  G. 


1,  WiNTON  Road,  Lsbbon  Park,  Dublin, 
March  9,  1889. 
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Pbeliminakt  Statement, 244 

Vroxn       Data  of  Z«ett«r. 

1841. 

A.  DeM.     May    8.  Presents  his  Paper  On  the  Found(ttion  of  Algebra  aa 

introduction.     Asks  for  Triplets. 

W.  R.H.    May  12.  Algebra  the  Science  of  Pure  Time.  Kant.   P.S.— Triplets, 

1842.  Polyplets. 

A.  DeM.    Jan.    3.  Hansen.    Logometers.    Divergent  Series. 

W.  R.  H.    Jan.  28.  Second  Essay  on  Dynamics. 

A.  DeM.    Jan.  31.  Invites  Report  on  Hansen. 

W.  R.  H.    Feb.    8.  Investigations  on  a  different  line  from  Hansen's.    Fluc- 

1844  tuating  Functions. 

A.  DeM.    Oct.  1 1 .  Abstract  of  a  Paper  on  Triple  Algebra. 
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.        Yvmk       Z>ate  of  Xiettar. 

W.  &.  H.     Deo.    9.     Does  not  refuse  to  triplicise.    Challenges  any  other  theory 

of  Pare  Triplets  to  surpass  in  three  points  that  in- 
cluded in  his  Quaternions.  Symmetricalnesa  of  Spaoe 
the  most  important.  Ist  P.S. — Solution  of  problem 
as  to  resultant  of  forces,  &c.  2nd  P.S. — Argument 
against  Triplets  reconsidered.  3rd  P.S. — Would 
not  prevent  the  study  of  Pure  Triplets. 
^  A.  DeM.  Dec.  16.  You  all  for  interpretation.  My  object  to  keep  to  symbo- 
lic rules.  Suspects  you  have  the  right  sow  by  the 
ear. 
Dec.  30.    Fractional  Differential  Coefficients.  Cautions  as  to  health 

1845.  and  work. 
W.E.  H.     Jan.    5.    Two  notes.    Geometrical  interpretation  of  A.   DeM.'s 

Cubic  System. 
A.  DeM.     Jan.  12.    Acknowledgment. 

,»  Dec.  23.    Asks  for  information  as  to  H.'s  quarto  publications. 

Advises  to  give  correct  information  to  bibliographers. 

1846.  Mr.  (C.)  Graves's  Paper.    H.'s  Symbolic  Geometry. 
^W.R.H.     Feb.    2.    Quaternions  **  a  new  algebraical  geometry.'*   Intention 

to  retire  from  Presidentship  of  R.  I.  A.  Time  of 
Easter.  Equinox  in  the  year  of  the  Council  of 
Nictea. 

A.  DeM.     Feb.  15.     C.  Graves's  Paper  a  finished  thing.   Quaternions  a  system 

in  which  rotations  play  the  part  of  co-ordinates. 
Approves  of  resignation  of  Presidentship.  Easter. 
Burckhardt.  Chernac's  Crihrum  Arithmeticum, 
Mistake     of     Gregorian     Committee.       Arbogast's 

\  1847.  method  of  derivations. 

„  April  12.     Appeals  from  a  charge  of  piracy  in  Logic  brought  against 

him  by  Sir  W.  Hamilton  of  Edinburgh.  The  two 
Sir  W.  EUmiltons  constantly  confounded. 

W.  R.  H.     May    7.     Researches  respecting   Quaternions,     Manner  in  which 

the  mathematical  notion  of  Time  leads  to  a  general 
conception  of  Numerical  Sets.  Mind  on  the  present 
subject  less  analytical  than  synthetical.  '*  Geome- 
trical  Fraction  "  of  one  set  of  Papers  the  same  as 
**  Quaternion  "  of  another.  Offers  Paper  on  Law  of 
Circular  Hodograph.  Interested  at  present  in  some 
applications  of  Quaternions  to  Physical  Astronomy. 
y,  July  10.     Death  of  his  Uncle  James.    Coincidence.     Hopes  that 

,    Quaternions  will  simplify  physical  astronomy. 

A.  DeM.     July  12.     Is  there  a  mental  dynamics  ?     Action  of  Moonlight. 

Stories  of  ghosts.    No  doubt  of  the  applicability  of 
1848.  quaternions. 

,,  Aug.  17.     Appeal  for  Second  Part  of  Memoir  on  Dynamics. 

W.  R.  H.     Aug.  21.     Feels  that  he  ought  to  write  a  quaternion io  treatise  on 

mechanics.   Pressed  to  write  a  book  on  Quaternions. 

VOL.  Ill-  b 
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From       Date  of  Zjetter. 

1849. 

A.  DeM.    April  28.    Mr.  Wentworth  Erck.    Co-ooBine.    Solution  of  a^-2d;= 6 

to  103  decimal  places. 
„  Ang.  30.    Professor  Young's  loss  of  his  post  at  Belfast. 

NW.  R.  H.     Sept.  24.    Professor  Toung.    Commissioner  Hargreave.    Peacock's 

observation  that  Functions  and  Quaternions  have 
several    analogies.    Infinitely   many   solutions    of 
p«=-l. 
^A.  DeM.    Sept.  26.     Professor  Toung.     Hargreave.     Algebra  itself  a  func- 
tional calculus.     Some  loose  thoughts  (algebraical). 
Parentheses.    Chancery  suit.    Swing-swang  integra- 
tion. 
W.  R.  H.    Oct    3.    Answer  to  one  of  the  <'  loose  thoughts."     Mr.  Hargreave. 
A.  DeM.    Oct.    5.     ** Closed  circuit''  question.    Illustration  of  boys  and 

beadle. 
W.  R.  H.    Oct.  10.     Some  electrical  phenomena  of  circuits  not  unlikely  to 

correspond  with  A.  DeM.'s  law.     Theorem  respect- 
ing Gauche  Polygons.    Curious  to  see  a  demonstra- 
tion of  either  theorem  by  co-ordinates. 
A.  DeM.    Oct  11.    A  searcher  for  things    mental  not  material.    Pascal's 

theorem  about  the  hexagon. 
Nov.  12.    An  enigma  for  W.  R.  H.'s  daughter. 
1860. 

April  6.     Iielative$.    Motto  of  Cambridge  and  Dublin  Mathemati- 
cal Journal, 

W.  R.  H.    April  9.     Generalisation  of  A.  De  M.'s  theorem. 

A.  D.  M.    April  14.    [Two  Notes.]    The  two  Sir.  W.  Hamiltons  reciprocal 

polars.    More  on  the  theorem. 

W.  R.  H.    April  18.    Continued  discussion  of  the  same  theorem. 

„  Oct.  19.    The    Calculus   of   Quaternions   includes    all   ordinary 

Algebra.    Points  in  which  Algebra  and  Quaternions 
1851.  are  distinguished. 

„  Nov.  26,  Thanks  for  Paper  on  '*  Recent  Discoveries  on  the  Inven- 
tion of  Flulions."  Vindication  of  Leibnitz  from 
charge  of  plagiarism  gives  him  pleasure.  Suspects 
he  has  been  plagiarised  from.  Book  on  Quaternions 
advancing  rapidly.  Asks  for  references  to  works 
having  connexion  with  the  subject  of  quaternions. 
Relations  between  Double  Algebra  and  Quaternions. 

A.  DeM.    Nov.  26.     Reason  for    shrinking  from  the    subject   of  Triplets. 

Death  of  F.  Baily.  Sir  W.  Hamilton  of  Edinburgh. 
Quaternions  must  contain  the  double  algebra. 
Plagiarism.  Omission  in  published  list  of  W.R.H.'s 
Time  paper.  Wheatstone  an  authority  on  German 
writers.    Leibnitz.    Laplace. 

W.  R.  H.     Dec.    1.     Use  of  ^  -  ^  in  geometry.     Wheat^tone. 

A.  DeM.     Dec.    4.    Acknowledgment. 
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Vtoim       Date  of  Ijetter. 

W.  K.  K.     Deo.    8.     Asks  for  criticisin  of  the  metaphysics  of  the  early  articles 

of  his  Lecturer. 
„  Deo.  10.    Objeot  of  Leetwre%.    A  fatal  fault  in  Double  Algebra. 

A.  DeM.    Dec.  15.    Acknowledgment. 

W.  R.  H.    Dec.  16.    Despairs  of  writing  anything  good  on  the  kUlaiy  con- 
nected with  quaternions. 
A.  DeM.    Deo.  17.    Will  set  you  at  rest  about  the  history. 
W.  R.  H.    Dec.  18.     Fears  a  mistake  in  a  quotation  from  Persius.    Walker's 

Logic. 
A.  DeM.    Dec.  20.     Q,uotation  correct.    Scientific  poems. 
W.R.H.     Dec.  23,     Walker's  Logic.     John  Walker. 

„  Dec.  24.     Has  in  the  last  year  composed  only  four  sonnets.    Could 

neyer  write  verses  on  the  death  of  a  blood-relation. 
„  Deo.  24.    Dep6t.    French  accents.    Qreek  accents.    English  spel- 

.  ling- 

^A.  DeM.     Deo.  27.    Thanks  for  Sonnets  on  Tetraetyt  and  Garden,    John 

Walker.  Dep6t.  Accents.  Peacock's  Report  on 
Analysis.  Gauss.  About  1831-33  there  was  a 
revival  of  pure  algebraical  speculation.  The  gener- 
alities of  Sir  W.  R.  H.'s  paper  incapable  of  being 
transferred  elsewhere.  Special  features  of  quater- 
1862.  nions. 

W.  R.  H.     Jan.    3.    Polyplets.    Geometry  at  the  last  moulded  and  fixed  my 

conception  of  ijk,  yet  abstract  speculation  led  to  it. 
^A.  DeM.     Jan.    4.    Find  Quaternions  no  child's  play.    All  that  is  peculiar  to 

Quaternions  beyond  the  reach  of  anyone  except 
yourself  to  daim.  Nothing  in  Gauss  to  suggest 
quaternions.  Ohm  on  Algebra,  translated  by  Ellis. 
Give  definitions.  Tour  alleged  defect  in  double 
algebra  a  defect  in  symbols. 
Encloses  order  for  Ohm's  book. 

Private  reason  for  knowing  that  Gauss  had  not  antici- 
pated quaternions.     Baron  von  Walterhausen. 
Acknowledgment.     Up  all  night  for  eclipse. 

Mathematicians  and  amusements.  Mathematical  book- 
sellers. Gauss's  Disquisitiones  Arithmetics.  J. 
Walker.     Gauss's  Quadratic  residues. 

W.  R.  H.     Jan.    8.     Style  of  Lectures  on  Quatemione.    Do  not  assume  much 

previous  knowledge  of  mathematics. 

y,  Jan.  10.    Gauss's  quadratic  residues.    Solution  by  quaternions  of 

the  topical  problem  of  Apollonius. 

A.  DeM.     Jan.  10.    Lends  Mourey.    French  likely  to  claim  quaternions  for 

Mourey. 

W.R.  H.     Jan.  13.    Servois  nearer  than  Mourey  to  such  an  anticipation. 

Argand.  Fran9ais.  Buee.  P.  S. — Mourey's  proof 
of  the  existence  of  a  root.    History  of  <v/-  1. 
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Jan. 
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Jan.  26. 

>> 

Jan.  27. 

A.  DeM. 

Jan.  28. 

W.  R.  H. 

Jan.  31. 

From       BaU  of  IaMjw. 

A.  DeM.    Jan.  15.     Criticism  of  Servois.    Mourey  nothing  else  but  a  part  of 

double  algebra. 
\        ,)  Jan.  18.    Criticism  of  Sonnets.     Functions  of  }  in  common  algebra. 

Instance.     History  of  \/ -  1. 

W.  U.  H.    Jan.  21.     Combination  of  science  and  imagination  personified  in 

Herschel.  Careless  of  criticism  of  my  poems.  Sensi- 
tive as  to  my  mathematics. 

A.  DeM.     Jan.  22.    Geodetic  lines  observed  in  Dublin  Observatory.    Asks 

for  description  for  Annual  report  of  Astronomical 
Society.    Priority  question  fully  discussed. 

W.K.  H.    Jan.  26.     Hopes  as  to  Quaternions,  and  opinion  of  their  present 

state.    Gauss's  biquadratic  residues.    Eummer. 

Origin  of  the  word  *'  Panic  '*  from  Polyeenus. 

Change  of  mode  of  address.  Lady  Campbell.  Euclid  in 
Greek.  Bishop  Butler's  observation  about  caution 
to  avoid  being  mistaken. 

Pan's  horns. 

Suppresses  suspicion  as  to  plagiarism  on  himself.  Gener- 
ous treatment  by  eminent  men.  Explanation  as  to 
himself  and  the  Graveses  in  relation  to  De  Morgan 
and  Triplets.  Mac  Cullagh  and  Quaternions. 
Polyeenus's  Stratagems,  Once  invented  a  Luoianic 
dialogue  about  the  Kape  of  Helen.  *'  Reviewers 
Reviewed." 

A.  DeM.     Feb.    2.     Suppose  your  race  susceptible  as  to  priority.     His  own 

nativity.  Mulcahy  on  the  altitudes  of  modem 
geometry.  Murphy.  Salmon.  Geometry  taken 
root  in  Ireland.  Suspicion  of  others  copying  infe- 
rentiaUy. 

TV.  R.  H.     Feb.    9.     Proof  of  a  theorem  of  Desargues.    Pure  geometry  in 

Ireland.  Mulcahy.  Eton  and  Learning.  Irish 
susceptibility.  Prejudices  against  Quaternions. 
Anecdote.     MacCullagh's  question.    Salmon. 

A.  l>eM.  Feb.  12.  The  equilateral  hyperbola.  The  ellipse.  Modem  geo- 
metry worked  on  a  system  of  signs,  Salmon's 
working  of  general  propositions.  Ridiculers  of 
Quaternions.  MacCuUagh's  question.  Objects  to 
phrase  "  Six  points  in  involution." 

W.  R.  H.     Feb.  13.     De  Morgan  **  On  the  Connexion  of  Involute  and  £  volute  in 

Space."  Ball  at  the  Castle.  Allman,  Jukes,  Anster, 
Lady  Kane. 

,,  Feb.  14.     Euclid.    Thales.     The  equilateral  hyperboloid.     Com- 

ment on  De  Morgan's  Paper  **0n  the  Connexion, 
&e."  The  circle  not  a  degenerate  ellipse,  but  an 
ellipse  a  deformed  circle. 
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Vrom       Pate  of  I<etter. 

A.  DeM.     Feb.  15.     The  Circle  and  the  EUipse.     Self-nmilarity  in  both. 

Also  in  the  Screw,  which  it  was  a  failure  of  Euclid 
not  to  introduce.  Cylinder.  Ring.  Self-cutting 
Ring.  Incloses  note  to  Mr.  Salmon — ^really  a  valu- 
able writer.    Lady  Kane. 

W.R.H.    Feb.  21.     Mr.    Salmon.    [Letter  from  Mr.   Salmon  of  Feb.  24: 

Proof  of  anharmonic  theorem,  readiness  to  employ 
the  most  oonyenient  instrumentality.  Quaternions 
now  a  bow  of  Ulysses  which  no  one  can  bend  but  the 
owner.  Reply  by  W.  R.  H. :  Proposes  comparative 
exhibition  of  dijSerent  mathematical  methods.] 

A.  DeM.     Feb.  23.     A  table  of  contents  a  palisade  against  mere  talkers.  Irish 

more  given  to  pure  speculation  than  the  English. 

W.  R.  H.    Feb.  25.     Difficulty  in  printing. 

yy  Mar.  15.     Is  the  word  **  eliminanf  your  invention  P 

„  April  2.     Speech  in  honour  of  Moore.     His  '*  rebellious"  poetry. 

No  harm  in  it. 
„  April  15.    Mesmerism.    Miss  Edgeworth,  Herschel.   Believing  one*s 

eyes.  Conical  Refraction.  Dumaa'  **M§moiresd'un 
M^decin.**    Lord  Clarendon.    Babbage. 

A.  DeM.    Aprill5.     Gnn^B  History  of  Pkytical  Science.    Differential  Calcu- 
lus.   Laplace.     Format. 

W.  R.  H.    April  16.     Southey's  saying  about  proof-sheets.    Sydney  Hamilton 

of  Trim,  infant  pupil  in  Sanscrit  and  Persian. 
Mathematical  examination  papers. 

A.  DeM.   April  16.    Clairvoyance.    Oood  notion  of  fluxions  from  Oresmius, 

Episcop.  Lexov. 

W.R.H.*Aprill9,20.  Walter    Scott    on    extraordinary    events.     Herschers 

'  Collection  of  Examples.'    A  theorem.    Astrology. 
Algebra  of  bi-couples. 
„       *  April  22.    Definition  of  the  differential  of  a  function  of  a  quaternion. 

Equation  in  quaternions  representing  an  arbitrary 
surface  of  revolution. 

A.  DeM.  *  April  23.    Comment  on  definition  of  differential.    Suggests  another 

mode  of  differentiating  a  function.  Will  require  a 
year  after  book  is  out  to  follow  you.  Sir  W. 
Hamilton  of  Edinburgh.  '  Rowan.*  Astrology. 
Guy  Mannering.     Alexandrian  Sorcerer. 

W.  R.  H.  *April  26.    Comment  on  A.   DeM.'s    method    of  differentiating  a 

function.  Challenge.  Three  advantages  of  his  own 
method. 

'■A.  DeM.  •April  27.     Sceptical  about  (a  +  ^)« ,  &c.  A  difficulty.  When  both  m  and 

n  are  fractional  what  possible  form  of  development  ? 

^W.  R.  H.  •April  29.    No  possible  form  of  development  analogous  to  the  usual 

one.     In  quaternions  there  is  a  development. 


*  Letters  with  an  Asterisk  are  to  be  found  at  pages  623-632. 
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Froxn       Date  of  Iiatttr. 

IN 

A.  DeM.  *  April  30.    Doubts  about  ^«  .    There  is  a  deyelopmeut,  but  which  of 

an  infinite  number  P 
„       *May      1.    Beply  to  yours  of  April  19.    Cannot  interpret  W.  Scott 

on  extraordinary  events.    Instances  of  coincidences. 

Astrology,    n'^  ^n  intruding  roots.    Cardan's  result, 

page  623. 
„         May    3.    Geometry  and  its  algebra  in  T.  C.  D.    Punishment  for  it 

in  the  next  world. 
W.  li.  H.     May    3.    Determination  of  the  differential  of  the  square-root  of  a 

quaternion. 
,,  May    6.    Priority.      Proposes  to  cite  DeM.      Not  pleased  with 

Bronwin's  citation  of  *  Hamilton's  Theorem.'     *  Curse 

of  Kehama.'    Latin  poem  by  Leibnitz. 
A.  DeM.     May    6.    Walker  could  ^AinA;  about  logic.    My  own  claim.    Partial 

interpretations  may  solve  problems.     '  Hamilton's 

Theorem,'  Herschcd's.    The   extension  Hamilton's. 

Citation.     Letter    to    Sir  W.  H.    of  Edinburgh. 

ihrooTcuris,  ovaiOt  x(ip<vcnip-     Heb.  I.  3. 
W.  R.  H.    May    8.    Heb.  i.  3.    Walker's  Logic. 

„  May    9.     Henry  Crabb  Robinson.    HerscheFs  Theorem  P 

A.  DeM.     May  10.     Herschel's  Theorem.     Heb.  i.  3.    Intends  to  apply  the 

theory  of  probabilities  to  St.  Paul's  alleged  authorship 

of  this  Epistle. 
W.  R.  H.     May  12.     To  whom  are  divine  honours  to  be  paid  P    Regrets  having 

entered  into  religious  controversy. 
A.  DeM.     May  16.     De  Morgan  not  de  Morgan.    Reason  for  not  taking  M. A. 

degree.  Worship  of  Jesus  Christ,  meaning  of  ^  wor- 
ship.'    <  Honour.'     Anecdote.     Portsmatic   system, 

Libri. 

,y  May  21.    y^-  1  of  multiple  interpretation.    Whewell's  name  for 

interrupted  inversion.  Wanted  a  short  and  sound 
interpretation  of  a  theorem.  Fermat's  Method  of 
maxima  and  minima.    Kepler. 

W.  R.  H.    May  24.     Multiplicity  of  interpretation  of  (^)  "  •    DeM.'s  proof  of 

a  cited  equation  satisfactory. 
,,  May  26.     Possibility  of  a  visit  to  Greenwich.    In  1838  climbed  into 

the  Ball  at  St.  Paul's.  Effect  of  the  wind.  Coinci- 
dence with  an  expression  of  C.  Dickens.  Another 
coincidence  with  an  expression  of  Tennyson.  Dinner- 
rhymes.    Biquatemions. 

A.  DeM.    May  27.    Will   not  be  at  Greenwich.    Dinner-rhymes.     Cannot 

keep  to  Swift's  vein.  First  surgical  operation  under 
mesmerism. 

*  Lettei's  with  an  Asterisk  are  to  be  found  at  pages  623-632. 
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ftom       Sate  of  Ijetter. 

A.  DeM.     May  31.     Shadow  of  a  pole  at  sonaet. 

W.  R.  U.    June  2.    A  new  sort  of  variations  of  definite  integrals.    Ganchy. 

libri.      Fellowship     ExaminationB     oonduoted    in 
English. 
"xA.  DeM.    June  8, 9.  ^x  ^  0.    Partial  solutions   of   equations.    Algebra   not 

nuide  for  geometry.  Double  algebra  is  of  a  surf aoe, 
single  algebra  linear,  double  areal.  Quaternions 
with  the  three  rotations  ought  to  be  the  triple 
algebra. 

W.  R.  H.    June  12.     Results  respecting  a  particular  sort  of  yariation  of  a 

definite  integral.  Investigations  respecting  differen- 
tials of  functions  of  quaternions  more  general  than 
that  respecting  the  differential  of  a  square-root. 

A.  DeM.    June  15.     Men  to  whom  Lectures  on  Quatemiom  shoidd  be  sent. 
,,  June  20.     Dr.  Logan.    Libri.    Eirkman's  mathematical  mnemonics. 

Catechism  of  mathematics.  Libraries.  Airy,  prince 
of  methodise. 

W.  R.  H.    June  23.     Expectations  in  connexion  with  Quaternions  as  regards 

electricity,  magnetism.  Polarity.  Mnemonics.  A 
formula  hard  to  be  remembered.    Politics. 

A.  DeM.    July    1.    Lodges  a  paper  on  Syllogism  considered  as  a  composition 

of  relations.    A  play  on  words. 
„  July  11.    Oppressive  heat.    Chasles:  Qiomitrie  SupMeure,  Liou- 

ville's  Monge.  Poinsot's  Theory  of  Rotation.  Justin 
Brenan  v.  Logic. 

W.  R.  H.     July  12.     Dublin   election.    Beautiful   aspect  of  city  and  river. 

The  Bi-tensor  of  a  product  of  Biquatemions. 

A.  DeM.     July  14.     Politics.       My    reform    of     the    House    of   Commons. 

Theory  of  decision  by  votes.  House  of  Lords.  In 
English  hands,  not  objecting  to  a  moderate  mixture 
of  Irish  and  Scotch,  anything  would  work  well. 
Macaulay  on  the  House  of  Commons.  Libri.  Prince 
Boncompagni.  Gerard  of  Cremona,  Translator  of 
Ptolemy.  Negative  quantity  in  Arabic  algebra. 
„     July  16, 17.     GD  =  10^^  Reinhold's  2b^/<s  Dtrec^tonum.  My  Mnemonic 

for  the  hard-to-be-remembered  formula.  Suggests  a 
sonnet.    Libri. 

W.  R.  H.     July  20.     Politics.    Robert  Hutton.    T.  Drummond.    The  Ballot. 

A.  DeM.     July  23.    The  Time$  on  Libri.    Jewels  of  criminal  law  in  France. 

Prof.  Toung.     Maynooth. 

W.  R.  H.     July  23.    Dublin  politics. 

„  July  26.     Admits  deep  prejudice  in  politics.   Reminiscences.  Claim 

of  family  descent.    Maynooth. 

A.  DeM.    July  27.    Politics.    How  I  would  tinker  the  Constitution.    Evil  of 

subscriptions.  Opposition  to  Maynooth  grant  founded 
on  a  subversive  principle.  Reinhold's  Tabula 
Joccunda, 
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TxKxtEL       Date  of  Ijetter. 

W.  R,  H.     July  28.     Against  mnltiplying  oaths.     Bribery. 

A.  DeM.    July  31.    Epigram  on  the  Dnke  of  Norfolk  and  curry  powder. 

Tour  Seal.    Lucas  Paoioli's  Summa  di  Arithmetica, 

The  last  day  of  letters  prepaid  in  money. 
W.  R.  H.  Aug.  3,4.  Calculation  unfavourable  to  the  notion  that  the  asteroids 

are  fragments  of  an  old  planet.    Such  calculationa 

not  his  most  useful  employment.     His  birthday  and 

his  younger  son's. 
,t  Aug.  8.    Lithograph  of  G.  Wolfe's  autograph  of  '  Not  a  drum  was 

heard.'    Preface.    First  or  Third  Person  ?  Lady  H. 

and  his  daughter  desire  to  see  De  Morgan. 
A.  DeM.     Aug.  9.     Asteroids    probably    parts    of    a    ring.      Bibliography. 

Errors  in  Description. 
y,         Aug.  10.    Reasons  for  First  Person.    Advice  as  to  Preface.    Scotch 

Ancestry.    Dr.  Parr  to  Sir  James  Mackintosh. 
W.  R.  H.  Aug.  11.    Two  Solutions  of  your  puzzle  for  my  daughter.    Her 

birthday. 
„         Aug.  13.    Chasles  on  imaginaries.    Time  of  publication  of  book. 
A.  DeM.    Aug.  16.    Only  two  solutions  of  the  puzzle.     Dates. 
W.  R.  H.    Aug.  20.    Paper  on  the  Ascension.    As  Trinitarian  as  Athanasios. 

Sermon  by  Salmon. 
A.  DeM.    Aug.  23.    F.  Baily's  correspondence.    Tour  handwriting  diminish- 
ing.   Tour  Trinitarianism.     Tour  *  sermon.'    Mr. 

Robinson  and  belief  in  the  Devil.    Mrs.  Flamsteed's 

Valentine. 
W.  R.  H.    Aug.  26.    Ely  Sonnet.    Sir  J.  Hersohel's  to  HamUton. 
A.  DeM.    Aug.  30.    The  Wolfe  lithograph.     A  Peacock  a   Phcsniz.     The 

Three  Churches  in  the  Ely  Sonnet.     Herschel  a  man 

of  poetical  elements. 
W.  R.  H.     Sep.    1.    Explanation   of   Ely    Sonnet.      Bishop    Terrot.      Abp. 

Whately  and  the  memorial  window  in  Castleknock 

church. 
A.  DeM.    Sep.    1.    Bad  practice  of  printers  putting  books  a  year  forward. 

Theology.    An  agreeable  lull. 
W.  R.  H.     Sep.    2.     Satisfaction  about  the  Wolfe  autograph.    My  Preface  a 

bore. 
A.  DeM.     Sep.    3.     Paradise  Lost  necessarily  Tritheistic  or  Arian.    Whately 

and  emblems.    I  would  not  abolish  superstition  and 

mysticism.    My  notions  about  burial. 
W.  R.  H.  Sep.  16, 17.  Belfast  Meeting   of  British  Association.      Carlingford. 

Renewed  interest  in  Quaternions. 
A.  DeM.     Sep.  20.    Given  X-land,  what  constitutes  an  X-man  ?    Chancellor- 
ship of  Oxford.     Walton,   opponent  of  Berkeley's 

Analyst :  son  of  Isaak  W.  ? 
W.  R.  H.     Sep.  25.     Return  to  Dublin. 
A.  DeM.     Sep.  27.    Portfolios.  History  of  infinitesimals  in  England.  Leibnitz. 

Newton. 
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W.R.H. 

Oct. 

3. 

9> 

Oct. 

4. 

A.  DeM. 

Oct. 

5. 

W.R.H. 

Oct. 

8. 

A.  DeM. 

Oct. 

23. 

V.iLH. 

Oct. 

26. 

From       Date  of  Ijotter. 

W.  R.  H.    Sep.  29.    Salmon  on  Temporal  Blessingfl.    National  Sins  and  Jndg- 

ments.  Irish  mniden.  Gift  of  a  Douay  Bible. 
Charitable  supposition  of  R.  C«  Priest. 

A.  DeM.    Sep.  29.    Enquires  for  Boole  about  Dublin  printers.    Cheek  upon 

printers. 
Oct.    1 .    Salmon's  argument  that  religion  was  intended  to  develop 

the  inquisitiye  faculties  sound,  but  involyes  the  con- 
sequence that  differences  of  opinion  were  also 
intended*  A  difference  with  Salmon.  Irish  Exodus 
— pun.  Answer  to  application  for  subscription 
towards  a  R.  C.  purpose. 
Dublin  University  Press.    Boole. 

Bishop  Berkeley.    Walton.    '  Fluctions '  and  '  fluxions.' 

Irish  bulls.    Boole  has  got  hold  of  the  true  connexion  of 

algebra  and  logic. 
Ckiuche  Polygons. 

Editions  of  Berkeley.  Infinitesimals  in  England.  Newton. 

Four  colours  will  colour  any  possible  map. 
Asks  for  a  sketch  of  the  history  of  Double  Algebra. 

v/- 1.    Grassmann. 

A.  DeM.  Oct.  29.  Cannot  comply  with  request,  (hussmann  (Nebuchad- 
nezzar). Sir  W.  H.  of  Edinburgh  and  his  charge 
about  Plouoquet.    Translate  for  me  your  German. 

W.  R.  H.    Oct.  30.    Begun  Preface-writing. 

A.  DeM.    Not.  8.    Series  and  mean  values. 

W.  R.  H.  Nov.  16, 18.  Triplets  worked  at  in  1835.    Bight  now  to  record  this  in 

Preface. 
A.  DeM.    Nov.  20.    Admits  his  right.     Not  at  the  Duke's  funeral.     The 

procession. 
-W.R.  H.Nov. 24, 25.  Tour  Triple  Algebra  and  my  Triplets.    Fundamental 

difference  between  them.    My  notion  of  triplets  as 

old  as  1830. 
A.  DeM.    Dec.  15.    Do  not  be  uneasy  about  priority.    Grass  and  mutton. 

W.  R.  H.     Dec.  18.     Admits  nervousness  as  to  anticipated  controversy.  When 

it  comes  the  vexation  is  over.  Trisection  of  an  angle. 
Is  it  impossible  by  Euclid  P    Gauss. 

A.  DeM.     Dec.  24.    Your  priority- vexations  a  reflection  on  Lady  Hamilton. 

Proposed  resolutions  of  British  Association.  Gauss's 
discovery  of  a  method  of  inscribing  a  polygon  of 
seventeen  sides  increases  my  disbelief  in  possibility 
of  trisecting  an  angle.    Tells  a  story. 

Argand  true  author  of  Double  Algebra,  not  Bu^e.    Asks 
for  any  information  to  the  contrary  relative  to  Bu6e. 

Double  Algebra.    Bu^e,  De  Morgan,  Wallis. 

Buee,  Wallis,  Warren.    Am  afraid  of  virtual  discoveries. 


1853. 

W.  R.  H. 

Jan.    8. 

>9 

Jan.  26. 

A.  DeM. 

Jan.  27. 

A.  DeM. 

Feb.    6. 

W.  R.  H. 

Feb.    9. 

A.  DeM. 

Feb.  11. 
Feb.  12. 

W.  R.  H. 

April  1 . 
April  4. 

xxvi  Coyitents. 

From       Date  of  liOtter. 

W.  R.  H.  Jan.  28, 31 .  J.  T.  Orayes  confirms  recollections  about  Argand.     Buee, 

Warren,  Wallis.     Been  reading    Grassmann    with 
admiration  and  interest.    Burprising  that  Grassmann 
failed  to  hit  off  Quaternions. 
„         Feb.    1.    Verification  of  recollections  about  Argand.    Not  quite  so 

enthusiastic  to-day  about  Grassmann.    Comparison 
of  his  own  work  and  Grassmann's. 
Take  a  side,  and  care  for  nobody.    Arago  and  the  watch. 
Willing  to  be  mentioned  favourably.     Skin  so  thick 
it  can  neither  be  pierced  nor  tickled.    Thirtieth 
anniversary  of  my  starting  for  Cambridge. 
Comparison  of  work  with  Grassmann's.    Argand  did  not 
anticipate  De  Morgan.    Extract  from  Latin  poem  of 
Leibnitz. 
Theorem  suggested  by  hints  from  Cotes  and  HerscheL 
German  intellect.    Tobacco-smoke.     Difficulties  of  exten- 
sion to  experts  used  to  it.   D.  F.  Gregory.    Sir  W.  H. 
of  Edinburgh  cannot  abstract  quantity.    Leibnitz. 
Inquiries. 

Returned  from  fairyland,  an  investigation  in  the  applica- 
tion of  bi-quatemions  to  the  inscription  of  polygons 
in  surfaces.  This  day  would  have  been  birthday  of 
Sister,  who  vdob  a  poet.  Claims  for  himself  only 
poetical  temperament  and  feeling. 

A.  DeM.    April  14.    Objects  to  his  limitation  of  his  own  pretensions  to  poetry. 

Corrects  expression  about  birthday.  All  opposite 
terms  in  logic  come  under  phu  and  mmtM.  Vnirer- 
$al-f  particular  +,  &c.  Recommends  change  of  occu- 
pation from  quaternions.     A  four-course  suooession. 

W.  R.  H.    May    5.    Dlness  of  children. 

A.  DeM.     May    9.    Table  rapping.    Our  thoughts  are  read. 

„  May  21.     Poetry  runs  in  families  more  than  mathematics.     Lady 

Lovelace  and  the  Difierential  Calculus.  Verses  from 
Morgan's  Horolagiographia^  and  Hylles'  Arithmetic. 

W.  R.  H.    June  30.    Feelings  after  printing  off  a  book.     Anxiety  about  a 

word.  Observations  at  Dunsink  quinquiseoted  by 
Royal  Commissioners.     Mr.  Charles  Thompson. 

A.  DeM.     July    2.     A  new  Double  Algebra.     The  two  Sir  W.  H.'s,  +  1  and 

- 1.     Argand' s  lamp.    Rotation  of  intellectual  crops. 

W.  R.  H.    July    7.     A  new  symbol  of  operation,  !«. 

A.  DeM.     July  11.     Your  new  subject  not  recreation.      The  sailor's  three 

wishes.     Difi'erential  equations. 

W.  R.  H.     July  16.     Book  [Lectures  on  Quaternions)  actually  out. 

A.  DeM.    July  18.    Punning  suggestion  of  letters  to  be  added  to  Sir  W.  R. 

H.'s  name. 

W.  R.  II.     July  25.     Method  of  least  squares    and  theory  of  probabilities. 

Suspects  fallacy  in  himself  and  Encke. 
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From        Bateof  Itetter. 

A.  DeM.     July  29.     Dispntes  <  both  you  and  Encke.' 
W.R.H.  July  29,  30.  Agrees  with  DeM.  as  to  fallacies. 

y,         Aug.  18.    Suggests  abridgment  in  De  Morgan's  argument  (2){^. 

and  Int.    Cole.)  as    to  theorem    of    mean  value. 

Error  in  Moigno's  Lemons  de  Calctd  Differential. 
A.  DeM.  Aug.  19.    Admits  difficulty.    Homersham  Cox.    The  principle  of 

fluxions  always  gives  light. 
„       Aug.  22, 23.  Problem  in  probabilities  as  to  set  of  books.    Imperfect 

cerebration. 
W.R.H.  Aug.  22, 24.  Inverse  Probabilities.    The  Comet. 

A.  DeM.    Aug.  26.     Mrs.   DeM.'s   sight   of  the    comet    with    naked    eye. 

Thundering  error  in  my  Probabilities.     Everyone 

makes  errors  in  probabilities.     Laplace,    Poisson. 

Illustration. 
W.  R.  H.    Sept.  7.    A  theorem  of  Laplace.    Royal  visit  to  Dublin.    The 

previous  one  of  1849.    The  first  Great  Exhibition 

in  Dublin.    Interview  with  the  Prince  Consort. 
A.  DeM.    Sept.  12.    Presents  tract  on  Probabilities.    My  thundering  error. 

The  theorem  of  Laplace.    What  I  have  not  seen. 
W.  R.  H.    Sept.  28.    British  Association  Meeting  at  Hull.    Beverley  Minster 

and  Flamborough  Cliffs.    PhiUips  and  Sedgwick. 

York.    Bolton  Abbey.    Belfast.    Carlingford. 
A.  DeM.    Oct.    4.     Guild  of  Literature  and  Art.    C.  Dickens.    F.  Baily's 

handwriting.    Lord  Brougham    and    Quaternions. 

Conundrums. 
W.  R.  H.    Oct.  31.    Death  of  a  friend.    Guild  of  Literature  and  Art. 
^^^A.  DeM.    Dec.  10.     Invention  of  Double  Algebra. 

W.  R.  H.    Dec.  15.    Telegraphic  experiments  in  connexion  with  his  second 

son.    His  cipher.    Dr.  Hincks. 
,,  Dec.  17.     Daughters. 

1854. 
A.  DeM.    Jan.  10.     Death  of  his  daughter.  Homer's  Method,  and  its  author. 

W.  R.  H.    Feb.  20.     Homer's  method.     Secretary  Drummond.    Solution  of  a 

linear  and  partial  differential  equation  in  bi-quater- 
nions.  The  existence  of  two  arbitrary  functions  a 
startling  departure  from  the  analogy  of  the  older 
algebra.    Carmiohael. 

A.  DeM.    Mar.   4.    Arbitrary  functions  queer  fishes :  example. 

W.  R.  H.    Mar.   7.     A  transformation  of  the  integrals  involving  only  one 

arbitrary  function, 
y,  Mar.  14.     Mathematical  blundera  of  Auguste  Comte.    His  capacity 

of  admiration. 
A.  DeM.    Mar.  26.    Comte's  verbosity  and  self-sufficiency .    His  *  final  system 

of  Knowledge.' 
April  18. '  Dupin's  proof  (regarding  the  lines  of  curvature  on  a 

system    of    orthogonal    surfaces)  diabolical.     Tiie 
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From       Date  of  Zjotter. 

words  *•  synthetical '  and  '  analytical.'    Derivation  of 

name  of  Easter. 
W.  B.  H.   April  24.    Dupin's  genins.    Le  bon  diable.    De  Morgan  a  Hippo- 
potamus. 
A.  DeM.  April  29.    Dnpin  a  decent  devil  in  mathematics.    Intends  to  write 

letters  of  advice  to  young  mathematicians,  wil^  a 

Hippopotamus  on  the  title  page. 
W.  R.  H.    April  25.    Quaternions  a  Calculus. 
A.  DeM.    April  29.    Quaternions  certainly  a  Calculus.    My  course  of  teaching. 

Infinitesimals. 
W.B.H.  May  12,  20.  Calculation  with  quaternions,  geometrical  interpretation 

in  the  background.    Simplest  way  of  proving  by 

calculation  the  modular  theorem. 
„  May  25.    The  Electro-magnetic  Quaternion.     (Quaternions  furnish 

a  Calculus  of  Polauities). 
,,  May  27.    Withdraws  the  epithet  Electro-magnetic  as  assuming  too 

much.    Dr.  Lloyd. 
A.  DeM.    July  10.    Rule  for  giving  an  extempore  lecture.    Stevinus.    Joseph 

Fenn*8  *  Instructions,  &c.*,  at  the  Dublin  Society, 

1772,  uses  notation  of  the  difiFerential  calculus. 
W.  R.  H.    July  14.    Mourey's  proof  that  every  algebraic  equation  has  a  root. 

Versors,  tensors.    A  triplet-system. 
„         Aug.  11.    Cipher.    Asks  De  Morgan  if  he  would  be  stakeholder. 
A.  DeM.   Aug.  12.    Anything  but  decipherer.    Tables  of  quarter  squares. 

1855.  The  PoUto. 

W.  R.  H.    Jan.    3.    Payment  by  Board  of  Printer's  bill.  '  Extensions  of  Quater- 
V  nions.'  Would  require  some  time  to  read.  Easy  to  you. 

A.  DeM.    Jan.    6.    A  shorter  demonstration    is   time   saved  in  teaching. 

Example  of  arguing  in  a  circle.    Double  algebra  and 

quaternions. 
W.  R.  H.    Jan.    9.    Find  I  can  understand  my  own  researches  on  Dynamics. 

Connected  this  method  with  quaternions  in  1845. 
A.  DeM     Jan.  15.    A  remonstrance.    Read  an  old  paper  of  my  own  not 

knowing  its  author :  pleased  with  it  and  gratified  by 

this  testimony  to  myself. 
„        April  29.    A  fundamental  method  of  Newton  generally  unknown. 

Gives  the  problems.    Carmichael  on  the  Calculus  of 

Operations.     Who  is    he?     Rouse  out  from  the 

quaternions. 
W.  R.  H.    May  2,  4.  Up  all  night  with  the  moon.    'He'  or  <It'  of  an  infant. 

A  '  young  pagan,*     Mrs.  Wilde :   her  son  Oscar. 

Her  remark  on  the  Observatory.    More  sociable. 
A.  DeM.    May  16.     '  It '  for  a  baby.     *  Shortened.'    Sponsors'  undertakings. 
W. R. H.    July  11.    Decimal  coinage:  Mr.  Lowe.    Maria  Edgeworth's  pun. 

Her  age. 
A.  DeM.    July  13.    Puns.    Pitching  into  a  joker  a  good  service.    Jokes  on 

serious  subjects. 


Cofitents.  XXIX 


Vrom       Sate  of  Xi«tter. 

A.  De  M.    Sept.  5.    Refers  to  his  owb  article  on  Brewster's  NtwUm.    Lying 

fallow.  Sheepshanks.  Ballads:  CuriositieB  in  the 
history  of  popular  ballads.  Simplicity  an  ultimate 
attainment.    EncUd  1. 47.    Eelland.    Airy. 

W.  R.  H.   Oct.  2, 24.  Glasgow.    Jessop  on  Decimal  System.     '  Morning  Regis- 
ter.'   Extensions  of  Quaternions. 

A.  BeM.    Oct.  29.    The  « Fine  Old  Irish  Gentleman.'     Decimal  Coinage : 

Lord  Monteagle,  Article  in  National  Review,  Mr. 
Jessop.    Galileo.    Anti-Romanist  joke. 

W.  R.  H.    Not.   1.    Decimal  Coinage.    Abduction  of  Miss  Arbuthnot. 

A.  DeM.    Nov.  4.    The  abduction  case.    English  legal-headedness. 
1856. 
,y  Mar.  3.    The  words  of  the  ^  Fine  Old  Irish  Gentleman.'  Additional 

stanza  by  De  Morgan. 

W.  R.  H.    June  11.    A  protest  against  omission  of  his  name  from  Grant's 

History  of  Physical  Astronomy,  Jacobi.  Donkin. 
Cayley.    Houel. 

A.  DeM.    Deo.  26.    Death  of  Sir  W.   Hamilton  of  Edinburgh.    Obituary 

notice  by  A.  DeM.     The  creed   of  the  Decimal 
1867.  Association.    Isonosical  lines. 

„  Jan.  12.    Air  of  '  Irish  Gent.'  in  A.  DeM.'s  musical  notation. 

Note*    Petrie  on  this  notation. 
y,  Jun.  18.     Sir  W.  H.  of  E.  on  Mathematics. 

W.  R.  H.    Mar.  22.    Early  days  at  Glasnevin.    Varenii  Qeographia  Oeneralis 

edited  by  Isaac  Newton.  Instance  of  historical 
inaccuracy  on  a  recent  and  public  occurrence. 

A.  DeM.    May    4.     Newton's  Yarenius.    Story  for  story.    What  is  history  ? 

Libri. 

W.  R.  H.    May  20.    Salmon  and  Quaternions. 

A.  DeM.     June  15.     Salmon's  name.     Tour  son.     Affirmative  and  negative 

as  applied  to  propositions:  definition  must  be 
enlarged. 

W.  R.  H.    June  24.    The  Times,    Its  powers  of  f aoe. 

A.  DeM.     July    3.    Bulk  of  the  2Vme«  staff  Irish.    Newspapers  mirrors. 
,y  Aug.  3.    Quaternions    not    for   ladies.      Approves  W.   R.  H.'s 

Decimal  Coinage  Bill.  Archibald  Smith.  Preserv- 
ing letters.  Specimen  of  my  folly  in  a  letter  to 
Mansel.    Wills.    Logics  and  Mathematics. 

W.R.  H.     Aug.  7.    Terms  with  Salmon.    With  MacCuUagh.     Notion  of 

writing  a  Tract  on  Cones  of  the  Second  Order  treated 
by  Quaternions.    Asks  for  opinion. 

A.  DeM.    Aug.  14.    Opinion  as  to  such  a  book. 

W.R.H.  Aug.  14,  17.  Abandons  the  project.    Notion  of  another  tract.    Letters 

to  Salmon.    British  Association. 
A.  DeM.     Aug.  21.    British  Association.    Am  not  in  sympathy  with  physical 

philosophers.     Object  to  travelling. 
,,  Nov.  15.     What  curves  cannot  include  a  space  ?    No  news  to  tell. 
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Vrom       Bataof  l40tt«r. 

W.E.H.  ^ov.  16,  Dec.  4.  Definite  Integrals   and  Transfonnation  of  Series. 

Theorems  (A)  (B)  (C)  (D)  (E). 
A.  DeM.    Nov.  20.    Cauchy's  'principal  valne.'    Carves  that  do  not  inclose 

space  :  elementary  proof.    Proof  that  every  equation 

has  a  root. 
W.  R.  H.    Nov.  23.    Cauchy's  proof.    Monrey's  method.    Writing  merely  to 

free  the  mind  mntually  allowed.    Professor  Stokes  on 

Definite  Integrals.    A  correction. 
A.  DeM.    Nov.  27.    Every  convex  spherical  polygon  has  its  supplemental 

polygon.   Cauchy's  proof.   Mourey's.   Argand.    Airy 

and  'v/-  1 .     Herschel  on  a  certain  discord. 
W.  R.  H.    Nov.  28.    Correcting  misprints.    Definite  Integrals. 
^A.  DeM.     Deo.    6.    Airy's  paper  on  \/- 1.     *  In  all  haste.* 
W.  R.  H.    Dec.  18.    G.  Stokes  on  my  Definite  Integrals. 
A.  DeM.     Dec.  19.    Your  last  letters  [on  Definite  Integrals]  a  memoir  in 

themselves. 
W.  R.  H.    Dec.  14.    Transition  from  Double  to  Quadruple  Algebra. 
„         Dec.  22.    Herschel's  wit  in  re  Decimal  Coinage. 
,,         Deo.  23.    A  convert  to  Divergents. 

1858. 

A.  DeM.    Jan.    1.    Comment  on  letter  of  Dec.  14.    Vindication  of  Cauchy. 

The  French  and  Divergent  Series.  Four  sorts  of 
Series. 

W.  R.  H.  Jan.  4.  Cauchy,  admire  his  mathematical  talents.  My  investiga- 
tions by  quaternions  respecting  families  of  surfaces 
the  germ  of  a  new  Calculus  of  Partial  Differentials. 
Great  importance  of  '  alternating  series.*  Where 
Mourey  succeeded,  where  he  failed. 

A.  DeM.     Feb.  20.    The  logicians  too  mathematical.    Organ- tuning  by  beat«. 

March  1.  Pascal's  Theorem.  Projection.  Apol- 
lonius. 

W.  R.  H.    Mar.    3.     Pascal's  Theorem.    Moebius. 

A.  DeM.    Mar.    7.    Projection.    Pascal's  Theorem  the  fundamental  instru- 
ment. 
„         Mar.  23.    The  police  and  the  Trinity  College  lads.    A  shillaly 

tournament. 

W.  R.  H.    Mar.  30.    Tour  construction  of  hyperbola  derivable  from  Pascal's 

Theorem,  which  I  have  considered  fundamental. 
Pascal  above  Chasles  in  inventive  genius. 

A.  DeM.  Aprill.  Newton's  equation.  Chanting  it.  Whewell's  letter- 
puzzle. 

W.R.H.  ApriH,  6, 10.  Cipher.    Series  for/  {x  +  A)  with  a  foreign  and  arbitrary 

constant.  Silver  wedding.  A  formula  of  Laplace 
analogous  to  mine. 

A.  DeM.    April  11.     Anticipation  of  your  theorem  by  Murphy.     Anticipation 

of  life. 
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Ftom       I>ate  of  Iietter. 

W.  R.  H.    April  14.    Admits  antioipation  by  Murphy  of  one  of  his  theorems. 
.  A  more  general  series. 

A.  DeM.    May  16.    The  two  sides  of  Logic,  mathematical  and  metaphysical. 

W.  R.  H.    May  26.    Annonnces  finishing  and  despatch  of  his  long  letter  on 

Definite  Integrals. 

A.  DeM.    June   3.     Read  through  your  72-page  letter:    'a  collection  of 

memoirs,  a  real  inroad  into  the  territory  of  divergent 
series.'  Alternation  safety  in  series,  not  convergency. 
Motto  from  Hohbes  for  my  tract  on  Logics  and 
Mathematics.  Sir  W.  Hamilton  of  Edinbuxgh  and 
*  quantity.' 

„  July  27.    The  two  Sir  William  Hamiltons.     Logic  of  the  word 

*of.'  Anagrams.  Newton  and  Huyghens.  Syllo- 
gism implying  relation  in  copula.  A  near  relation. 
London  air.    Logical  examples.    P.  M.  A.  0.  F. 

W.R.H.  Sept.  13, 14.  Visit  to  Trim.     Daughter  dangerously  ill.    Dr.  and  Mrs. 

Butler.    Oct.   13.     My  differentials  what  Newton 
1859.  would  have  caXiedJliizions. 

jy  Jan.    3.    Additional    conclusions   respecting   Definite   Integrals. 

Hon.  Mrs.  Ward. 

, ,  Mar.  1 1 .    Monthly  Notices  of  Royal  A  stronomical  Society.  Reports  ? 

A.  DeM.    Mar.  27.     Do  not  write  much  in  Reports.     Main  :  Donati. 

„  No  date  of  time.  New  date  of  place.     Chalcot  Yillas.      J.   Smith  and 

circle-squaring.  Tour  short  proof.  Daughter's 
restoration  to  health.    Advice  to  her. 

W.  R.  H.    Oct.    9.    A  plea  for  Italics  and  Capitals.     Duty  to  Insurance 

Offices. 

A.  DeM.    Oct.  11.    Insurance  Offices  :  a  distinction  as  to  duty  towards  them. 

Elimination.    Transition.    Illustrations. 

W.  R.  H.    Dec.    1.    Deference  to  your  criticisms. 

1860. 
A.  DeM.    May  26.    An  outcry  for  information  as  to  himself.    Report  I  shall 

circulate.    Where  was  Sam  Johnson  in  1745-6  F 
W.R.  H.     July   9.    Touring  in  Wicklow. 

A.  DeM.    Nor.   6.    Received  your  letter  (of  October  29  on  Geometrical  Nets 

in  Space).  Reviewing  Sir  W.  H.  of  Edinburgh  in 
AtheruEum,  He  certainly  never  read  Euclid  I.  1.  to 
understand  it.  G.  Dickens  knew  it  better. 
Dec.  18.  Glad  the  affair  (with  Tait)  is  so  well  arranged.  My  con- 
troversy with  Mansel.  Very  good  opponents.  Bad 
practice  of  establishing  exact  science  by  quota- 
1861.  tions. 

April  29.    Tried  pleurisy.    Sir  W.  H.  and  *  some  at  least.' 

W.R.H.     May   1.    Gout  does  not  disturb  my  mind.  TEOTA.  Lady  Hamilton 

wants  to  see  A.  DeM. 
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Tkom       Date  of  Xiotter. 

A.  DeM.    May  31.    Mr.  Smith  wants  more  killing.    Convincing  Mr.  Smith. 

Father  0' Flaherty's  pig.  A  jingle.  Lady  Hamilton 
would  be  disappointed  in  seeing  me.  Another  Lady 
Hamilton  terribly  bored  by  me.  Mr.  James  Smith 
coming  to  London.  Bhyme  to  Timbnctoo.  Pun  on 
Airy. 

W.  R.  H.    June  30.    My  daughter's  remark  on  my  posting  in  one  evening 

notes  to  two  Lady  Hamiltons.     '  Geometrical  sighs.' 
Challenge  to  De  Morgan.    A  puzzle  from  him. 
I,  Aug.  10.    My  daughter  pleasantly  angry.    Irish  Church  Canon. 

A.  DeM.    Aug.  12.    The  anger  will  oool.   Delight  in  defying  control:  example. 

W.  R.  H.    Nov.    9.    Compares  the  Lectures  with  the  unfinished  JElemente. 

1862. 

A.  DeM.    Mar.    6.    Inferential  non -affirmation. 

W.  E.  H.    Mar.    8.    Berkeley's  criticism  on  remarks  of  Newton.    Newton  not 

consistent  in  his  philosophy,    I  stick  to  ihejintte 

quantities,    Thomas  Simpson. 
A.  DeM.    Mar.  11.    Newton  shuffling.     My  autograph  for  Miss  Helen. 

W.  R.  H.    Mar.  14.    Have  adopted  Finite  Differentials. 

A.  DeM.    Mar.  15.    Differentials.    Laoroix.     Legendre.     Limits. 

W.  R.  H.    Mar.  18.    Dispute  your  negative.     Lagrange  unreasonably  objects 

to  modem  use  of  the  word  lirnit.  My  differentials 
not  infinitesimals.  Philosophy  of  the  Infinite. 
Science  of  the  Infinite. 

A.  DeM.  Mar.  23.  Is  differential  to  be  used  for  infinite  multiple  of  a  diffe- 
rential. Supports  his  negative.  Suggests  the  word 
primo-raiumals  instead  of  differentials:  also  terms 

for  Yi  K  c^d  A* 

W.  R.  H.  Mar.  25.  Is  quasi  universal  usage  in  favour  of  considering  a  diffe- 
rential as  an  infinitesimal?  Lacroix.  Peacock. 
Cauchy.  Moigno.  When  was '  Differential '  natura- 
lised ?    Euler. 

A.  DeM.  April  1, 7.    Ranges  the  authorities  on  both  sides  of  the  differenticd 

question.  Date  of  introduction  of  Diff.  Calo.  into 
Cambridge,    x  rate  of  y. 

W.  R.  H.    April  19.     Berkeley  in  earnest  against  fluxions  as  well  as  against 

matter. 

A.  DeM.    April  20.    Infinitesimals  before  Leibnitz.     Newton   got   hint   of 

fluxions  from  intensionists. 

W.  R.  H.  April  22.  x  rate  of  y  won't  serve  me.  Infinitesimals  may  be  intro- 
duced into  quaternions.  The  only  question  as  to 
differentials.    Weight  of  authority  on  your  side. 

A.  DeM.    April  24.     Hart's  rectilinearity.    A  joke.    My  objection  to  your 

practice  as  to  differentials.  Hey  diddle  diddle^ 
Qi'sec^  partim,  partim  Latins. 
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Prom       Dtttoof  Iiettcr. 

W.R.H.   July    2.    Differentials  of  qnatenuons.  I  treat  them  as  infinitesimals 

in  integration. 
A.  DeM.    Jnne  4.    Change  of  local  date  in  verse. 

W.B.H.    Sept.  15.    Rober's  inscription  of  a  heptagon  in  a  circle.     Homer's 

method. 

A.  DeM.  Sept.  18, 23, 29.  Homer.  Young.    Hair-compasses.   Rheticua  of  Pitis- 

COS.  Cavendish.  Involution  and  other  articles  in 
JBngUsh  Cyelop€Bd%a,  Conies  or  qitaricB,  Infinity  : 
twice  as  many  pints  as  quarts  in  infinite  space  'f 

1863.  Amosgepotically. 

„        April    3.    Infinitely  small  qnantities  P 

W.  K.H.    April  16.    line  at  infinity  in  given  plane.    Plane  and  circle  at 

infinity  in  space. 
A.  DeM.    April  26.    Expediency  of  waiting.    Cambridge    Undergraduates. 

Infinity  a  light  to  guide. 
„         July  31.    Collecting  my  queer  books.    Whewell's  apothegm. 
„         Oct.  21.    Beyer's  contracted  multiplication.     Short  methods  don't 

pay.    Mr.  Weller. 
W.  R.  H.    Oct.  23.    Those  can  use  who  don't  want  it. 
A.  DeM.    Nov.  10.    Col.  Oakes's  rule  for  multiplication. 

W.  E.  H.  Oct.  24.  Homer's  Method.  Complex  Evolution  P  Complex  Invo- 
lution. 

A.  DeM.    Oct.  28.     Evolution    and   Involution.      Teachers    of   calculation. 

James  Smith.    666.    Cabbala. 

W.  K.  H.     Nov.  10.     Cotes's  Harmonia  Mensurarum,     Ratio.    A  duplicate 

ratio.    Briggs,   Napier.    Modulus.     Modular  Angle. 

A.  DeM.     Nov.  14.    Cotes   probably   not   intentionally   unjust   to    Napier. 

Napier  did  not  use  Naperian  logs.  Object  to  Halley's 
and  Cotes's  Mensura  rationxs.  Cotes  and  Newton 
infinitesimalists.     Newton  a  momentarian. 

W.  R.  H.  Nov.  17.  Napier's  '  Canon  Mirificus.'  Importance  of  distinguish- 
ing between  Ratio  and  Quotient.  A  Quaternion, 
geometrically  considered,  a  Quotient  of  Vectors,  but 
do  not  choose  to  call  it  a  Ratio  of  Vectors. 

A.  DeM.     Dec.  31.    Ratio  and  Quotient.    Duplicate  ratio.    A  riddle.    Two 

papers.    Another  riddle.    Shakespeare  tercentenary. 

1864.  Note. 

W.  R.  H.    June   8.    Logic  of  two  Controversialists,    Roman  Catholic   and 

Protestant.  Father  Tom. 
A.  DeM.    June  22.    The  two  controversialists.    Middle  term  in  a  syllogism. 

Anti-root.  Signal-factor. 
^W.R.  H.    June  24.    The  controversialists.   Anti-root.  Signal-factor:  Argand, 

Peacock.      Double  Algebra  interprets    too    much. 

Algebraic  geometry  requires  imaginaries.    Expected 

once  to  find  in  Quaternions  a  new  set  of  geometrical 

imaginaries.    No  such  instance. 

VOL.  HI.  0 
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"BxQxn.       Dat«  of  Letter. 

A.  DeM.    June  26.    Case  in  whioh  both  middies  may  be  partionlar.    Double 

algebra  one  of  the  perfect  oommon  algebras.  Quater- 
nions one  of  the  triple  algebras. 
W.  R.  H.    July   4.    Vision.     Habitually  a  double-seer.    Binocular  vision  not 

necessary.    Amount  of  obligation  to  tou/ch.    Visible 
distance.    Do  we  believe  we  see  the  very  trees  ? 
A.  DeM.    July  17.     Strictly  unooular.    Not  aware  of  difference  from  a  short- 
sighted person  with  two  eyes.    Obligation  to  touch. 
Can  draw  a  straight  line  and  circles. 
W.  R.  H.     July  19.    Tour  *  Unocular '  a  right  correction  of  my  '  monocular.' 

<  Homofocal,'  '  GonfocaL' 
A.  DeM.     July  31.     Seeing  the  very  objects.    So  words  for  objects.    Distance 

recognisable  without  touch.    A  second  eye  would 
add  to  quantity  of   nervous  action.    Illustration. 
Peroxide  of  hydrogen. 
W.  R.  H.    July  4.     Hamilton  of  £.  on  Reid.     Interested  in  Hamilton's  Philo- 
sophy. 
A.  DeM.     July  9.     Hamilton  of  E.  interesting  even  in  Logic  when  quantity 

is  not  in  question.  At  Oxford.  Originality  of 
thought  of  putting  sign  of  quantity  to  the  predicate. 
W.  R.  H.  July  9.  Agree  more  with  Ingleby  than  with  Hamilton  as  to  Per- 
ception of  an  External  Uniyerse.  Axioms  ascribed 
to  Euclid  probably  not  genuine.  Sir  W.  Hamilton's 
view  of  Philosophy  differs  essentially  ftx>m  mine. 
A.  DeM.   Sept.  22.     The  Declaration  of  Scientific  men.    Herschel's  stinging 

answer. 
W.R.H.  Sept.  23, 30.  Herschel's  intention    in    refusing  to  sign.      Sir    John 

Bowring. 
A.  DeM.     Oct.  2.     Herschel  objects  to  Declaration  as  mischievous.     Declara- 
tion translated  into  English.      Illustration.      Cui 
bono.    Herschel  not  a  timid  man. 
J,  Dec.  13.     Pension    for     Professor    Boole's    wife    and    daughters. 

Influence  of  the  Irish  in  the  House  of  Commons. 
Acknowledgment  of  kindness. 
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„    879,  L  17,/or  Havll,  Great  Southampton-street,  read  Uavil-strcet,  Soutltanipton-street 
472, 1.  21  ^fler  function  iiuert  O,. 
693, 1.  26,yor  October  read  November. 
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[Minor  errors  are  left  to  the  intelligence  of  the  reader]. 


LIFE 


or 


SIR  WILLIAM   ROWAN   HAMILTON- 


CHAPTER  XXXIX. 

THE  DAR6LE.      LIVERPOOL   MEETING.      VISIT  TO   WESTMORLAND. 

(1854.) 

The  last  preoeding  chapter  of  this  work  reoorded  the  publieation^ 
ten  years  after  he  had  discovered  the  CaloulaSy  of  Sir  William  B. 
Hamilton's  Lectures  an  Quaternions^  and  the  reception  by  him  from 
his  scientific  brethren  of  most  gratifying  testimonies  to  the  value 
of  the  work.  Both  the  publication  and  these  results  of  it  must 
have  been  an  immense  relief  to  Hamilton's  mind  and  spirits. 
And  indeed  that  relief  had  been  greatly  needed  ;  for,  as  may  be 
remembered,  his  intellect  had  been  long  continuously  tasked,  and 
he  had  passed  through  a  period  disturbed  by  much  care  and  emo- 
tion. Early  in  the  year  1854  he  received  from  an  old  friend  a 
letter  of  thanks  for  a  presentation  copy  of  the  book,  which,  though 
containing  a  disclaimer  of  the  ability  to  read  and  judge  of  it, 
could  scarcely  have  been  less  welcome  to  the  author  than  homage 
from  the  highest  mathematical  authority.  Its  writer  was  Pro- 
fessor Sedgwick,  the  veteran  geologist,  who  in  it  expresses,  in  his 
own  natural  and  vigorous  style,  his  affectionate  feelings  towards 
Hamilton,  and  in  regard  to  himself  manifests  the  indomitable 
spirit  which,  carrying  on  a  constant  battle  with  ill«health,  was 
one  of  the  many  charms  of  his  noble  character.  I  here  give  thia 
letter,  and  add  a  sequel  of  shortly  subsequent  date  and  equallj 
diaracteristic. 

VOL.  111.  B 
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T^om  Professor  Sedgwick,  f.r.s.,  to  Sir  W.  B.  Hamilton. 

'  Cahbbidob,  March  26,  1854. 

^  How  long  your  Lectures  on  Quaternions  has  been  at  my  rooms 
is  more  than  I  oan  tell  you :  but  here  it  is  before  me,  with  "  the 
author's  afiPectionate  regards"  written  on  the  title-page.  I  am 
very  oblivious ;  so  I  may  have  thanked  you  before ;  but  I  have 
no  remembranoe  of  having  sent  you  a  former  letter  of  thanks,  and 
I  now  do  thank  you  with  my  whole  heart.  Your  book  is  quite  out 
of  my  depth,  and  I  am  far  too  old,  and  too  busy  in  the  works  of 
my  own  craft,  to  think  of  learning  to  swim  in  the  wide  ocean  of 
your  mathematical  speculations ;  but  I  can,  and  do,  wish  you  good 
speed,  and  I  trust  that  your  life,  spent  so  nobly  in  soaring  after 
truth,  may  be  continued  to  you  in  honour  and  happiness  for  many 
years  to  come.  I  have  had  a  miserable  winter.  In  the  October 
Term  I  lectured  (my  thirty-sixth  Course)  to  the  largest  class  I  ever 
had  at  Cambridge ;  and  I  always  had  a  good  class,  even  during 
the  twelve  or  fourteen  years  when  the  professorial  lectures  were, 
generally,  in  a  state  of  great  depression.  Now  they  are  much  re- 
vived. Perhaps  the  crowded  state  of  my  lecture-room  excited  me  too 
much ;  or  perhaps  I  this  year  had  a  warning  that  I  am  becoming 
old,  and  unfit  for  my  former  tasks.  Be  this  as  it  may,  I  did  break 
down  during  the  middle  of  my  course ;  and  I  was  forced  for  fifteen 
days  to  be  as  mute  as  St.  Anthony's  congregation  in  the  Gulf  of 
Genoa  (surely  it  was  there  or  thereabouts  that  he  preached  to  the 
fishes ;  but  you  can,  I  dare  say,  eliminate  the  fact  without  the  help 
of  quaternions).  During  the  said  fifteen  days  my  inner  man  was 
washed  by  streams  of  rattling  cathartics ;  and  as  for  my  poor  head, 
they  cured  its  congestion  by  sucking  all  the  blood  out  of  it  by 
help  of  leeches  applied  three  different  times  to  my  temples,  the 
back  of  my  ears,  and  the  back  of  my  neck.  I  then  finished  my 
course,  though  in  a  languid  and  unsatisfactory  manner.  The 
general  reduction  of  my  system  made  me  unusually  sensitive  to 
atmospheric  impressions,  and  before  the  end  of  Term  I  caught  a 
cold  which  assumed,  in  a  day  or  two,  the  type  of  bronchitis.  For 
twenty-nine  days  I  remained  a  prisoner  in  my  own  room,  and  in 
a  state  of  miserable  stupefaction.  The  weather  then  became 
milder,  and  about  the  middle  of  January  (muffled  to  the  ears,  and 
with  a  respirator  over  my  mouth  and  nose)  I  went  to  my  house  at 
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Norwich ;  and  under  the  oare  and  love  of  a  nieoe*  I  gradually 
came  ronnd,  and  again  tried  to  spread  my  sails  to  the  wind  when 
the  weather  was  nuld  and  the  son  was  warm.  I  retomed  to  Gam- 
bridge  early  in  this  month.  I  am  still  a  grombler.  A  remnant 
of  bronchitis  still  clings  to  my  chest ;  suppressed  gout  takes  away 
my  sleep ;  my  Iddneys  are  doing  their  work  in  a  grating  fashion ; 
and  I  have  every  day,  especially  every  night,  long  fits  of  coal- 
black  melancholy.  A  quaternion  of  maladies !  Do  send  me  some 
formula  by  help  of  which  I  may  so  doctor  them  that  they  may  all 
become  imaginary  quantities  or  positively  equal  to  nothing.  Any 
change  will  be  for  the  better.  Try  some  transformation  or  other ; 
for  I  am  at  present  both  stupified  and  demoralized.  I  send  you 
this  dissection  of  myself  as  a  kind  of  lame  apology  for  not  having 
thanked  you  sooner.  Your  book  was,  I  believe,  on  my  table 
among  a  multitude  of  parcels  I  found  there,  about  three  weeks 
since,  when  I  returned  from  Norwich.  GKve  my  best  remem- 
brances to  Professor  Lloyd  and  the  other  members  of  the  dear 
late  Provost's  family.  Ever,  my  dear  Sir  William,  truly  and 
gratefully  yours. 

'  P.  8. — I  may  well  talk  of  getting  old,  for  on  the  22nd  of  this 
month  I  entered  on  my  70th  year,  and  I  have  now  resided  very 
nearly  half  a  century  in  Cambridge.  I  was  a  green  Freshman  in 
1804.' 

From  the  Same  to  the  Same. 

*  CAiiBBrDOS,  April  19,  18M. 

'  Yerses  I  have  none  to  send  you,  for  I  never  wrote  a  line  of 
poetry  in  my  life — at  least  in  my  own  Yorkshire  tongue.  My  master, 
under  the  stimulus  of  birch,  did  force  out  of  me  some  Latin  lines  that 
would  scan ;  but  I  dare  say  he  never  had  a  drop  of  poetry  from 
me.  No  muse  ever  rocked  my  cradle :  but  I  love  good  poetry 
and  good  poets,  and  I  do  fervently  thank  you  for  your  last  letter 
and  the  enclosed  poem.  To  offer  you  one  of  my  geological  Papers 
would  be  like  asking  you  to  lunch  on  a  dish  of  brick  dust.  I  have, 
however,  f oimd  a  copy  of  my  letters  to  Wordsworth,  which  are  a 
little  more  popular  than  my  Paper  read  at  Somerset  House.  I  am 
not  so  imreasonable  as  to  ask  you  to  read  them.    I  only  ask  you  to 

*  Uifts  Isabella  Sedgwick. 
B2 
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read  from  page  51  .  .  .  53,  and  the  oonoluding  words  begmning' 
page  90. 

*  Pray  accept  this  small  and  humble  offering  as  a  mark  of  my 
regard  and  mj  affectionate  remembrance  of  jonr  kindness. 

'  Ever,  mj  dear  Sir  William,  tmlj  and  gratef ally  yours.' 

Sedgwick's  'charming  letter/  as  Hamilton  called  it,  was 
forwarded,  on  account  of  the  message  at  its  close,  to  Professor 
lioyd,  and  with  it  a  note  of  De  Morgan's,  in  his  correspon- 
dence with  whom  he  had  found  occasion  to  criticise  some 
assertions  of  Auguste  Gomte's  in  connexion  with  mathematics. 
What  passed  between  Hamilton  and  De  Morgan  on  the  subject 
may  be  found  in  its  place  at  the  end  of  this  volume,  but  I 
insert  here  Hamilton's  reference  to  it  in  his  note  to  Lloyd. 

From  Sib  W.  B.  Hamilton  to  Pkofessou  Llotd,  d.  d. 

*  March  Z\,  1854. 

* .  .  •  De  Morgan  I  have,  I  think,  not  seen  of  tener  than  once,  or 
say  twice,  in  my  life,  but  the  triplets  and  quaternions  threw  ua 
into  a  very  free  and  familiar  correspondence ;  and  I  spoke  to  him 
of  Comte  lately  with  a  degree  of  freedom,  which  might  well  have 
been  cbX^bA.  flippant^  if  my  criticism  on  one  part  of  the  wiitings  of 
so  celebrated  a  man  had  been  in  any  way  designed  for  publicity. 
Some  of  the  mistakes  may  be  mere  slips  of  the  pen,  but  others  (I 
still  conceive)  indicate  a  confusion  of  thought  on  Gomte's  part,  on 
subjects  which  he  professes  to  treat  of.' 

In  May  Hamilton  wrote  an  important  letter  to  John  T. 
Graves,  in  which  he  comments  on  Mr.  Graves's  theory  of  Octavea 
(a  theory  arrived  at  independently  by  Mr.  Cayley),  and  proceeds 
to  announce  that  *one  of  my  recent  extensions  of  Quaternions 
gives  a  theory  of  quadrinomes^*  and,  *I  have  found  also  a  system  of 
Tetrads.'  A  postscript  refers  in  appreciative  terms  to  the  re- 
searches of  the  Bev.  T.  P.  £irkman,  and  on  this  account  I  insert 
it  in  a  note,  leaving  the  main  body  of  the  letter  for  a  place  in 
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Hamilton's  Boientifio  oorrespondenoe.*  The  same  most  be  the 
deetination  of  some  still  more  important  letters  to  Dr.  lioyd* 
They  set  forth  what  he  eaUs  a  oonjecture  soggested  by  Qna- 
temions  which  might  prove  ^a  phyaioal  disoovery  respecting 
the  mutual  action  of  two  elements  of  the  same,  or  of  two  diffe- 
rent (electro-magnetio)  currents,  considered  as  exerting  (in 
addition  to  Ampere's  attractive  or  repulsive  force)  a  certain 
directive  force,  or  as  producing  a  system  of  two  contrary  couples.* 
He  afterwards  saw  reason  to  doubt  of  the  physical  applicability  of 
what  he  had  called  provisionally  his  electro-magnetic  Quaternion ; 
but  Lloyd  continued  to  assign  to  it  a  high  possible  value  in  re* 
lation  to  the  theory  of  Electro-magnetism.    Dr.  Lloyd's  words 


*  May  31st. — I  am  greatly  interosted  with  your  electro-dynamic 
Quaternion.  It  seems  to  me  to  promise  {not  a  new  physical  dis- 
covery, but  what  is  yet  moro  interesting)  a  theoretical  explanation 
of  the  fundamental  facts  of  electro-magnetism.  .  .  .  The  similarity 
(or  agreement)  to  these  [Biot's  laws,  representing  the  action  of  an 
infinitely  small  magnet  upon  a  magnetic  pariicki]  of  the  laws  which 
govern  your  vectors,  give,  I  think,  ground  for  hope  that  you  will 
be  able,  through  it,  to  explain  the  true  physical  relation  between 
the  electric  current  and  the  magnet.  And  if  so,  the  discovery  will 
indeed  be  a  great  one.' 

I  add  here  a  postscript  to  one  of  these  letters  to  Lloyd,  in- 
dicating the  fertility  at  this  time  of  Hamilton's  mathematical 
imagination  :— 

*  ^May  16,  1854. — I  have  little  more  than  looked  into  Kirkman's  Pluqua- 
tendons  (Philosophical  Magazine,  end  of  1848),  but  am  sure  that  they  are  very 
interesting,  and  ought  to  be  studied,  if  the  octaves  are  to  be  pursued.  You 
know  I  object  to  his  use  of  the  word  (tquatemions,  which  I  wish  to  reserve  for 
a  +  V^l  (^y  Q  and  Q'  being  quaternions.  Bid  you  ever  consider  whether  he  has 
been  sufficiently  cautious  in  his  use  of  the  association  principle  f  And  must  his 
oorious  '*  imaginary  duads  "  finally  remain  as  such  P  Are  his  final  conclusions 
about  sums  of  squares  confirmed  P  He  is  a  very  clever  feUow.  My  son  William 
Edwin  has  lately  received  another  science  honour  in  T.  G.  D.  Salmon's  Came 
SecHims  he  knows  a  good  deal  about,  and  is  now  entering  seriously  on  the 
Differential  Calculus,  of  which  I  must  soon  tell  you  my  definition.'- 
Elements  of  Quatemianif  pp.  99,  100. 
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^May  30. — ^P.S.  This  month  of  May  has  been  an  unusually 
original  (if  not  an  unusuallj  busy)  one  with  me,  whatever  good 
may  or  not  have  oome  out  of  this  last  speculation.  At  least  four 
distinct  (though  not  unconnected)  trains  of  inquiry  have  opened 
themselyeSy  though  I  may  not  be  able  to  pursue  any  of  them  far 
at  present ;  and  I  could  not  continue  the  writing  of  a  letter  to- 
Carmiohael*  this  morning,  which  had  been  begun  yesterday  even- 
ing without  perceiving  a  fifth  line  of  future  investigation.  All 
this,  however,  is  unfavourable  to  routine  duty :  and,  besides,  we 
are  at  present  in  much  anxiety  here  about  the  health  of  my  dear 
little  daughter/ 

A  cheer  was  given  to  Hamilton's  spirits  this  summer  by  two 
events :  in  July  the  living  of  Ijoughcrew  was,  through  his  influence^ 
conferred  by  the  Lord  Lieutenant,  Earl  De  Grey,  on  the  Bev. 
James  Alexander  Hamilton,  son  of  the  uncle  to  whom  he  had 
been  so  deeply  indebted  for  his  education;  and  in  August  the 
Board  of  Trinity  College  relieved  him  of  all  remaining  liability 
for  the  expense  of  printing  the  Lecturer  on  Quakmions.  They  had 
previously  contributed  £200  towards  this  object,  but  a  balance  of 
£100  remained  due,  and  the  prospect  of  having  to  pay  this  sum 
was  the  source  to  Hamilton  of  much  anxiety.  Hir  oause  was 
warmly  advocated  by  Dr.  Luby,  Dr.  Todd,  and  Dr.  Lloyd,  and 
the  vote  in  favour  of  the  grant  was  unanimous.  Dr.  Luby 
had  previously  written  to  Hamilton,  saying:  *I  cannot  con- 
ceive  that  the  Board  would  suffer  you  to  be  at  any  loss  by  the 
publication  of  a  work  which  is  so  noble  a  monument  of  human 
science,  and  which  does  so  much  honour  to  our  University.'  A 
pleasant  note  from  Dr.  Lloyd,  of  subsequent  date,  makes  the 
following  reference  to  what  passed  on  the  occasion.     *  I  have  often 

*  The  Rev.  Robert  Carmichael,  mentioned  here,  was  a  Fellow  of  Trinity 
College,  who  carried  on  original  researches  in  the  region  of  Claatemions,  and 
corresponded  with  Hamilton  on  the  subject.  One  formula  (!>■  -  i2>«  -jl>f)  V^  Or 
connected  with  the  celebrated  equation  of  Laplace,  Hamilton  proposed  to  call 
*  Carmichael's  Equation' :  see  Proceedings^  R.  I.  A.  Hamilton  somewhere  notes, 
concerning  Carmiohael,  that  *he  often  made  mistakes,  but  that  he  had  the  tem<» 
perament  of  genius.'    His  life  was  oat  short  at  the  earlj  age  of  31. 
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thouglit  smce  I  saw  you  with  equal  pleasure  and  pride  of  the 
Quaiemian  you  told  me  of ,  whose  unit- veotors  are  (not  f ,  jy  k^  but) 
H.,  J.,  Li.  ;  *  and  I  made  some  use  of  it  at  the  Board  the  other 
day  in  solving  the  problem  of  GfilPs  account !  I  must  add,  however, 
that  the  members  did  not  need  much  demonstration  to  arrive  at  the 
conclusion  which  they  came  to.' 

Dr.  Lloyd  at  this  time  lived  in  a  country  house  called  £ilcroney , 
situated  near  the  entrance  of  the  Dargle,  and  here  he  and  Mrs. 
Ldoyd  hospitably  received  many  distingoished  persons,  foreign  and 
native,  whom  the  eminent  qualities  and  accomplishments  of  the 
host  and  hostess,  and  the  rare  loveliness  of  the  surrounding  woods, 
and  waters,  and  mountains,  attracted  as  visitors.  Towards  the 
dose  of  August,  Hamilton  took  the  thought  of  going  to  see  these 
faithful  friends,  found  them  at  home,  and  was  easily  persuaded  to 
stay  the  night. 

In  the  following  Hexameters  he  puts  on  record  the  incidents 
of  his  visit.  They  were  sent  to  Mr.  Thomas  Disney,  who,  by  lines 
of  his  own  in  the  same  metre,  had  provoked  Hamilton's  attempt  to 
repay  his  friend  in  kind.  It  cannot  be  said  that  they  cope  success- 
fully with  the  difficulties  of  the  metre.  His  earlier  poem  on  the 
Dargle,  to  which  he  refers  in  the  letter  prefixed  to  some  copies  of 
the  latter  one,  printed  for  private  circulation,  maybe  found  in  the 
first  volume  of  this  work,  page  147.  I  reprint,  with  the  Hexa- 
meters, the  prefatory  letter: — 

From  Sib  W.  B.  Hamilton  to  Thomas  Disney,  Esa. 

*  Obsxsyatobt,  September  15,  1854. 

*  You  will  easily  believe  that  in  allowing  the  following  verses, 
connected  chiefly  with  the  scenery  of  the  Dargle,  to  be  printed, 
though  not  published,  my  highest  ambition  has  been  to  give  some 
moments'  pleasure  to  a  few  friends  and  acquaintances,  for  whom  I 
had  at  first  designed  to  copy  the  lines  myself,  but  found  that  the 
task  would  have  occupied  too  much  time.  If  those  verses  shall 
fall  into  the  hands  of  any  persons  unacquainted  with  me,  I  hope 

*  Hamilton,  Jaoobi,  Lagrange;  supra,  p.  117. 
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that  on  inspection  thej  will  aoquit  me  of  the  presumption 
of  having  aspired  to  riml  anj  compositions  in  the  same  unusual 
and  somewhat  foreign  metre,  which  yet  I  may  be  supposed  to 
have  sought  for  my  own  satisfaction  to  imitate, 

*  You  know  that  I  have  never  hoped  to  win  any  reward  from 
poetry,  beyond  an  occasionally  elevating  relaxation  from  pursuits 
of  a  different  kind,  and  an  assistance  towards  preserving  for  my- 
self ,  and  sometimes  communicating  to  friends,  a  few  records  of  the 
pleasurable  or  painful  feelings  of  what  has  been,  upon  the  whole, 
a  studious  and  happy  life.     My  recent  attempt  at  hexameter  com- 
position, notwithstanding  its  confessedly  imperfect  execution,  haa 
already  enabled  me  to  enjoy  more  than  before  (you  will  say,  per- 
haps, by  force  of  contrast)  some  passages  in  the  *'  Evangeline  "  of 
the  American  poet  Longfellow,  not  to  mention  here  any  less  popu- 
larly known  writers  in  that  style.    But  I  am  so  far  from  supposing 
that  I  have  surmounted  the  (by  some  thought  insuperable)  diffi- 
culties of  this  kind  of  verse  in  our  language,  that  these  latest  lines 
of  mine  do  not  please  myself  so  well  as  even  that  early,  and  indeed 
boyish  poem  of  my  own,  on  a  subject  nearly  the  same,  which  I 
venture  here  to  append :  althoughi  as  a  record  of  the  sort  above 
referred  to,  I  have  chosen  in  this  way  to  preserve  them.     You  will 
see  that  I  have  abstained  from  introducing  the  name  of  any  living 
friend ;  but  have  thought  myself  permitted  to  allude  to  a  dear  and 
departed  lady,  whose  name  has  become  already  classical,  from  its 
occurrence  in  the  published  Memoirs  of  her  deceased  and  illustrious 
father.' 

<DARGLE   VERSES. 

*T0  AK  OLD  FBIBVD. 

*  Thanks,  old  friend,  for  your  lines,  in  that  anoient  hexameter  flowing : 
Thanks  for  describing  so  well  to  me  the  adventures  of  that  night, 
And  whatsoever  befell,  sinoe  alone  in  the  starlight  we  parted. 
I  have  been  roaming  too,  and  have  met  with  some  pleasant  adventures; 
Suoh  will  I  now  reoount :  accept  the  imperfect  requital. 

*  After  a  morning  walk  to  the  nearest  skirt  of  the  city, 
Back  by  the  cool  canal,  and  the  long  green  lane  to  my  dwelling, 
H using  I  came ;  and  enjoyed  the  distant  vision  of  Dublin, 
Seen  with  the  valley  between,  and  the  ship-studded  ocean  beyond  it, 
Spires,  and  the  haunts  of  men,  while  I  stood  in  unbroken  seclusion, 
Kear  that  small  gate  which  you  know,  where  the  harvest  waved,  ripe  for  the 
reaper. 
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'  Then  to  myself  I  said :  I'll  enjoy  the  remainder  of  this  day ; 
Let  books  rest  for  awhile,  and  the  still  new  labour  of  writing : 
I  will  return  to  men,  yet  see  more  of  nature  this  evening. 
Lately  I  have  not  viewed  so  muoh  as  the  borders  of  Wicklow. 
There,  where  that  hill-top  appears,  from  the  seaside  rising  ahraptly, 
Though  from  my  sight  its  base  by  nearer  ranges  be  hidden. 
Lovely  the  scenery  is,  and  to  me  was  in  boyhood  familiar. 
And  with  a  dweller  there,  from  early  youth  I'm  acquainted : 
Known  o'er  the  world  his  name,  with  our  Irish  science  associate. 
Yet  by  his  friends  beloved,  e'en  more  than  admired  by  the  stranger. 
Worthy  his  wife  to  be  his,  but  of  her  let  these  verses  say  only, 
Her's  is  the  name  of  your  wife,  and  that  of  the  Daughter  of  Wordsworth. 
Yes,  I  will  visit  them,  and  enjoy  the  scenery  near  them. 

'  Easily  was  I  persuaded,  when  this  my  resolve  was  accomplished, 
And  when  at  evening  hour  I  stood  in  the  friendly  mansion. 
There  to  remain  for  the  night,  and  explore  on  the  morrow  the  Dargle. 
He,  then,  and  I  set  forth,  on  that  our  pleasant  excursion. 
Leading  a  child  by  the  hand,  for  whom  at  the  font  we  had  answered, 
To  us  his  brother  came  up,  who  was  one  of  my  old  College  cronies.* 
Stoutly  we  battled  it  out,  our  collegiate  arena  when  entering ; 
Till  we  from  rivals  grew  friends,  and  such  have  we  ever  continued. 

'  So  we  together  went  on,  and  remembered  beauty  received  us  ; 
Which,  when  an  ardent  boy,  I  had  sought  to  describe  in  my  verses : 
Bat  had  despaired,  and  now,  muoh  more,  must  despair  to  describe  it. 
Yet,  though  the  air  was  warm,  I  longed  for  a  perfecter  sunlight, 
Some  old  effects,  which  i  missed,  to  bring  out  on  the  canvas  of  natoie* 
Kor  was  the  wish  confessed  by  me,  at  last  disappointed : 
Burst  forth  the  sun  in  heaven ;  wood  and  water  glittered  in  sunshine* 

'  Leaving  the  lovely  glen,  the  prospect  expanded  around  us ; 
But  it  was  lovely  stiU,  and  only  succession  of  beauty. 
2^ot  in  my  friendly  guide  had  the  sense  of  such  pleasures  been  blunted, 
Kor  our  home  charms  despised,  from  his  knowledge  of  men  and  of  cities. 
Venice  he  coold  describe,  and  its  first  effect  on  a  stranger ; 
Switzerland  had  he  searched,  and  many  a  mountain  ascended : 
Yet  he  enjoyed,  like  me,  the  view  that  was  open  before  us. 
As  on  green  slope  we  lay,  we  touched  upon  manifold  topics ; 
Some  that  referred  in  part  to  new  speculations  of  science, 
None  pursuing  so  far,  as  to  trouble  our  tranquil  enjoyment : — 
Talked  of  the  planet-spheres,  and  are  they  peopled  by  beings, 
lifted,  like  ns,  with  mind,  and,  ah !  like  us,  loving,  but  sinful  P — 
And,  while  the  sheep  on  the  hill,  at  our  feet,  were  quietly  grazing, 
Spoke  of  the  Book  Diviins,  so  rich  in  pastoral  image, 
Lambs,  and  the  heavy  with  young,  and  the  tender  care  of  the  Shrphbkd. 

*  Bartholomew  Lloyd^  Q.  C. 
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*  Then  we  desoended  to  oroes  to  the  other  side  of  the  valley. 
Boat  was  there  none,  us  to  ferry  the  murmuring  rivulet  over : 
Deftly  we  picked  our  steps,  on  the  small  rooks,  moistened  and  slippery. 
And  I  remembered  the  Wharf,  near  Bolton  Priory  gliding ; 
Broadly  and  stilly  it  flowed,  by  a  long  line  of  stones  intersected ; 
Pleasant  passage  which  gave  to  me  last  autumn  at  sunset, 
Wishing,  from  hill  that  crowned  the  further  bank  of  the  river. 
On  the  gray  Abbey  to  gaze,  and  to  muse  on  the  White  Doe  of  Ryktone ; 
Kre  in  my  wanderings  I  reached  that  Btrid,  so  fatal  and  famous, 
Where  the  pent  water  boils,  and  the  Boy  of  Egremond  perished. — 
Parting  at  length  from  my  friends,  I  set  out  on  my  homeward  journey : 
Here  in  the  twilight  arrived,  and  found  your  episUe  awaiting. 

^  Thus  have  I,  mingling  thoughts  of  old  times  with  recent  adventures. 
Simple  however  they  were,  and  involving  nothing  of  wonder, 
Told  you,  in  verses  rude,  and  metre  to  me  unfamiliar. 
Story  of  those  two  days,  which  have  passed  since  we  last  met  together. 

'AuguH  26M,  1864.' 

The  British  Association  met  this  year  ia  Liverpool,  in  the 
month  of  September,  and  Hamilton  attended  it,  principally  with  a 
view  of  securing  that  it  should  make  its  second  visit  to  Dublin  in 
the  year  1857.  This  he  succeeded  in  arranging.  I  find,  cut  out 
from  the  Morning  Post  of  September  30,  the  following  report  of  a 
speech  made  by  him  when  proposing  a  vote  of  thanks  to  the 
foreigners  who  had  attended  the  meeting.  Its  allusions  to  the 
Abb^  Moigno  and  Monsieur  Foucault  give  it  a  personal  interest, 
and  the  references  to  poetry,  and  the  poetic  treatment  of  hi» 
subject,  are  characteristic  of  the  speaker. 

*My  Lord  Harrowby,  and  Ladies  and  Gentlemen, — 

*  I  have  been  requested  to  move,  that  the  thanks  of  this  Associa* 
tion  be  given  to  our  distinguished  foreign  visitors.  In  the  first 
place,  allow  me  to  thank  you  for  having  thought  that  I  mighty 
without  impropriety,  be  put  forward  on  such  an  occasion,  and  for 
having  shown  thereby  that  you  do  not  consider  me  as  a  foreigner. 
Since  I  was  invited  to  make  this  motion,  I  have  had  no  time 
even  to  read  the  list  of  our  foreign  visitors,  and  must  request  thenik 
and  you  to  acquit  me  of  the  presumption  of  pretending  to  analyse 
that  list,  or  of  doing  anything  more  than  state  my  own  personal 
views.    Of  the  members  from  America  who  may  be  present  I  shall 
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say  nothing,  for  in  England  and  Ireland,  and  I  suppose  espeoiallj 
in  this  great  port  of  Liverpool,  we  scaroely  oount  Amerioans  as- 
foraignerB.  From  the  soientific  and  philosophical  writings  of  the 
Gennans,  I  hope  that  I  have  learned  much  in  my  maturer  years ; 
but  when  I  was  a  boy  the  French  were  my  masters  and  teachers 
in  scienoe.  In  Ireland,  at  that  time,  the  higher  branches  of  ana- 
lysis went  commonly  by  the  name  of  French  mathematics;  and,  in 
order  to  study  the  works  of  the  great  writers  in  that  department, 
I  was  obliged  to  learn  their  language.  Having  never  yet  enjoyed 
the  advantage  of  a  visit  to  Paris,  though  I  have  had  the  honour  of 
being,  for  the  last  ten  years,  a  Corresponding  Member  of  the  Insti- 
tute of  France,  the  scientific  names  of  that  country  have  appeared 
to  me  pretty  much  as  abstract  ideas;  but  I  think  that  when 
you  look  upon  the  eminent  Frenchman  at  my  left  hand  you  will 
agree  with  me  in  considering  that  he  is  no  mere  abstract  idea,  but 
a  very  concrete,  and  a  very  pleasant  body.  (This  allusion  to  the 
fat  little  Abb6  Moigno  produced  great  laughter  at  the  moment.) 
Perhaps  you  may  have  thought,  any  of  you  who  may  have- 
happened  to  observe  me  turning  over  the  pages  of  a  book  upon 
this  platform,  within  the  last  half-hour,  that  I  have  been  inatten- 
tive, negligent,  and  almost  rude,  as  regarded  the  proceedings  of 
this  meeting.  But  when  I  tell  you  that  it  is  a  work  put  recently 
into  my  hands,  by  my  present  neighbour,  the  Abb^  Moigno,  whom 
I  had  known  to  be  an  abstract  mathematician,  but  who  now  turns, 
oat  to  be  a  distinguished  physicist  also ;  and  when  I  add  that  in 
this  work  ("E^pertoire  d'Optique"),  I  find  expressed  the  most 
candid,  intelligent,  and,  I  must  say,  generous  appreciation  of  what 
has  been  done  by  persons  in  these  countries,  you  will  forgive  me- 
that  seeming  neglect.  As  an  old  member  of  this  Association,  it  has 
gratified  me  to  see  noticed  in  this  Optical  work  of  a  Frenchman  an 
account  of  experiments  in  Optics,  which  first  acquired  some  pub- 
licity during  the  first  Cambridge  meeting  of  this  Association,  in 
the  year  1833.  And  if,  with  the  name  of  my  dear  Irish  friend 
'^Monsieur  Lloyd,*'  the  name  of  •*  Monsieur  Hamilton"  be  coupled, 
I  can  scarcely  be  expected  to  feel  less  grateful  on  that  acoount.  I  can 
remember  the  time  when  England  was  at  war  with  France.  I  waa 
a  child  then,  but  children  quickly  learn,  through  sympathy,  the 
feelings  of  their  seniors.  And  I  remember  that  France  was  then, 
I  do  not  say  feared,  but  respected,  as  a  formidable  and  gallant 
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enemy.  The  Frenoh  were  then  our  generous  and  noble  foes;  they 
•are  now  our  generous  and  noble  friends.  I  trust — ^indeed  I  feel 
assured — that  in  making  suoh  allusions  as  these  to  events  which 
now  agitate  the  world,  I  do  not  pass  beyond  the  limits  within 
which  the  rules  of  the  Association  confine  its  members.  The  names 
of  Whig  and  Tory  are  never  heard  within  our  halls ;  those  party 
differences  which  are,  perhaps,  essential  to  the  working  of  a  free 
State,  find  yet  no  echo  here.  Some  may,  perhaps,  expect  that  we 
should  carry  out  this  principle  yet  further,  and  that  we  should 
realise  in  our  own  persons  the  conception  of  the  Boman  lyrist : — 

"  Si  fractus  illabatur  orbis, 
Impavidum  ferient  roinsd." 

And  our  great  country  ha%  stood  firm,  while  thrones  were  shaken, 
and  nations  were  reeling  around  it.  But  individuals  may  be  ex- 
oused  if  they  exhibit  a  less  absolute  and  philosophic  calm,  and  if 
they  suffer  to  be  perceived  an  ardent,  and  even  an  anxious  interest, 
in  the  fortunes  of  the  land  to  which  they  belong,  especially  in  this 
Society,  which,  if  it  be  an  association  for  the  advancement  of 
-science,  is  yet  essentially  a  British  Association.  Permit  me,  for  a 
moment,  to  make  one  other  allusion  to  war,  and  to  name  another 
Frenchman.  When  Professor  William  Thomson,  of  Glasgow, 
was  lately  speaking  in  our  Mathematical  Section  of  potential  and 
■actual  energy,  and  drawing  one  of  Iiis  many  and  happy  illustrations 
from  the  gunpowder  and  the  cannon  ball,  I  was  reminded  of  some 
lines  of  Coleridge's  translation  of  Schiller's  play  of  ''  Wallenstein.*' 
In  that  great  play,  and  in  that  beautiful  translation,  the  elder 
Piocolomini  (Octavio)  is  represented,  if  my  memory  serves  me 
aright,  as  warning  against  the  hazards  of  civil  convulsion  that  son 
of  his.  Max  Piccolomini,  on  whose  character  the  author  of  the 
poem  appears  to  have  lavished  all  his  love,  and  to  have  bathed  it 
with  floods  of  lustre.  The  father,  I  think,  is  represented  by 
iSchiller  as  saying  to  the  son,  respecting  the  ball  when  it  has  left 
the  cannon — 

**  It  is  no  longer  a  dead  instrument ; 
It  lives,  a  spirit  passes  into  it." 

And  I  must  say  that  when  we  in  general,  and  more  particularly 
when  a  small  party  of  us,  of  whom  I  was  one,  were  permitted 
lately  by  M.  Foucault  to  attend  the  exhibitions  of  his  more  reoent 
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experiments,  the  same  lines  of  English  translation  of  German 
poetry  again  ooouired  to  mj  remembrance.  When  I  saw  the  little 
dJBo  of  Professor  Fouoault  possessed  with  what  he  was  pleased  to 
call  "«»  esprit  de  contradiction^^*  disobedient,  apparently,  to  ita 
human  former  but  yet  essentially  and  throughout  submissive  to  the 
laws  whioh  the  great  Creator  of  all  things  has  been  pleased  to 
impress  upon  matter,  I  admired  anew  the  activity  of  the  French 
intellect ;  but  I  looked  up  with  even  greater  reverence  than  before 
to  the  Supreme  GKver  of  all  intellectual  and  of  all  higher  treasures/ 

From  Liverpool,  with  his  son  Archibald  as  his  companion,  he 
proceeded  to  the  Lake  Country  on  a  visit  to  myself  and  Mrs. 
Qraves,  then  residing  at  Dovenest  on  Windermere.  During  this 
visit  he  had  the  satisfaction  of  being  several  times  received  affec- 
tionately at  Bydal  Mount  by  the  widow  of  Wordsworth;  he 
enjoyed  at  Lancrigg  the  hospitality  of  Mrs.  Fletcher  and  her 
daughter,  Lady  Bichardson  ;  and  he  renewed  a  long  discontinued 
intercourse  with  his  old  friends  Mr.  and  Mrs.  Bichard  Napier,* 
then  sojourning  near  Bydal. 

A  letter,  written  in  a  somewhat  playful  spirit,  to  his  old  friend 
Lady  Campbell,  discovers  in  Hamilton  the  elements  which  were 
deeply  seated  in  him  of  a  reverent  admiration  for  woman  showing 
itself  in  the  form  of  a  grave,  old-fashioned,  gallantry.  I  have  in 
a  former  volumef  put  on  record  how  eminently  fitted  was  Lady 
Campbell  to  call  forth  these  feelings.  Not  a  less  noble  example  of 
womanhood  was  Mrs.  Fletcher  of  Lancrigg,  the  principal  theme  of 
this  letter  to  Lady  Campbell.  No  one  who  had  ever  met  her  could 
fail  to  carry  away  the  impression  that  he  had  met  in  her  a  woman 
almost  unique  for  the  combination  of  majestic  form  and  features 
with  a  spirit  and  an  intellect  in  perfect  correspondence.  Enthusi- 
astio  and  yet  dignified,  strong  in  will  and  judgment,  warm  and 
compassionate  in  feeling,  she  was  the  ideal  of  womanly  grandeur — 
a  queen  of  nature's  making — receiving,  not  claiming,  universal 
homage.    But  I  need  not  to  set  out  in  detail  her  eminent  qualities 

*  SuprOf  Tol.  i.,  p.  165.  f  SvprOy  vol.  i.,  p.  359. 
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•or  the  influenoe  she  exerted  oyer  her  Mends.  That  has  been  done 
by  the  publioationy  sinoe  her  death,  of  one  of  the  most  delightful 
of  autobiographies,  enriched  by  the  reminisoenoes  of  Lady  Richard- 
i9on,  its  editor,  and  of  her  sister  Mrs.  Davy,  daughters  worthy  of 
their  mother.  The  act  of  homage  to  his  venerable  hostess  which 
Hamilton  records  had  therefore,  it  may  be  seen,  the  warrant  of 
«  special  fitness. 

JPVom  Sir  W.  B.  Hamilton  to  Ladt  Campbell. 

<  House  of  the  Rkt.  Robert  Ghayes, 

*  doyensst,  near  windbrmerb, 

<  Friday  mgU^  October  6,  1854. 

^  Will  you  believe  that  I  sat  next  a  gentleman  here,  at  dinner 
yesterday,  who  asked  me  if  I  had  lately  seen  ^'Pamela  Campbell''? 
a  name  by  which  you  know  that  I  never  presumed  to  call  you. 
You  will  think  that  the  man  must  have  been  very  impertinent : 
but  will,  I  suppose,  forgive  him  and  me,  when  I  tell  you  that  lie 
was  Mr.  Eichard  Napier,  brother  to  the  conqueror  of  Scinde,  who 
is,  I  believe,  a  cousin  of  yours,  and  who  is  pleased  to  claim  an 
acquaintance  with  me  of  thirty  years'  standing.  Again,  at  dinner 
to-day,  but  at  another  house,  your  name  was  mentioned  by  a  lady 
— and  a  very  old  and  very  charming  one — who  told  me  that  she 
remembered  Sir  Guy  Campbell  since  he  was  "  that  height "  (about 
the  height  of  the  table),  and  that  she  knew  he  had  married  a 
•daughter  of  Lord  Edward  Fitzgerald.  I  said  that  another  Quy, 
son  of  her  friend,  had  died  last  year  in  India,  and  that  his  mother 
had  scarcely  yet  recovered  from  the  grief  occasioned  by  the  loss. 
She  inquired  whether  you  had  any  other  children,  and  I  mentioned 
Sir  Edward  and  your  daughters.  She  wanted  then  to  know  whether 
they  had  inherited  the  beauty  of  their  parents.  I  said  that  I  had 
always  heard  that  the  married  daughters,  of  whom  alone  I  should 
presume  to  speak,  had  been  quite  ^'  the  rage,"  for  their  beauty, 
&c.,  at  the  Irish  Court,  and  elsewhere.  It  is  time  that  I  should 
tell  you  at  least  the  name  of  the  lady  who  thus  catechised  me. 
She  is  Mrs.  Fletcher  of  Lancrigg,  and  she  is  in  her  85th  year. 
She  took  my  arm,  when  we  were  going  in  to  dinner,  and  her  con- 
versation was  really  delightful.  She  remembers  well  and  vividly 
many  of  the  remarkable  characters  of  the  latter  part  of  the  last 
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centoiy — especdally  those  oonneotod  with  Sootlandi  and,  still  more 
preoiflely,  with  Edinburgh,  where  she  at  that  time  resided — for 
example,  Dugald  Stewart.  She  has  been  well  acquainted  with 
Wordsworth  during  a  long  subsequent  residence  in  this  neigh- 
bourhood; and  she,  and  her  daughters  (one  of  whom  is  lady 
Biohardson,  wife  of  the  Arctic  traveller),  have  also  deeply  appre- 
ciated him.  (I  have  visited  alone,  by  moonlight,  the  graves  in 
Qrasmere  churchyard,  of  Wordsworth  and  his  daughter  Dora,  and 
others  of  his  family  whom  I  remember.  I  have  also  visited  his 
widow,  who  received  me  several  times  affectionately  at  Bydal 
Mount).  And  yet  she  (Mrs.  Fletcher)  is  quite  open  to  fresh  im- 
jiressions — for  instance,  to  the  merits  of  Matthew  Arnold's  poetry. 
By-the-way,  Mr.  Arnold  and  his  wife  were  members  of  our  dinner- 
party. To  sum  up  all,  she  (Mrs.  Fletcher)  has  almost  the  finest 
eyes  in  the  world,  and  when  retiring  in  the  evening,  I  asked  leave 
to  kiss  her  hand — an  action  which  I  found  was  considered  to  be 
quite  comme  il/autj  and  in  which  my  son  Archy  followed  me. 

*I  vnrite  in  the  bedroom  which  once  was  occupied  by  Mrs. 
Hemans,  and  the  view  from  which  is  lovely.  It  is  nearly  time 
for  me  to  go  to  bed,  especially  as  I  have  walked  several  miles  to- 
day. Good  night,  dear  Lady  Campbell,  and  believe  me  to  remain 
jour  affectionate  friend.' 

He  also  met  at  Doveneet  a  remarkable  man,  William  Pearson 
of  Borderside,  Crosthwaite,  and  his  estimable  wife,  born  Ghreenhow. 
William  Pearson  was  a  self-cultured  yeoman,  who  at  this  time, 
after  many  years  spent  in  a  Bank  at  Manchester,  had  retired  to  a 
small  patrimonial  estate  on  the  southern  border  of  Westmoreland. 
Here  a  stranger  might  have  been  surprised  to  find  him  surrounded 
by  a  choice  collection  of  books  representing  fully  the  English 
poets  of  all  ages,  and  (in  translation)  the  best  G-erman  authors, 
poetic  and  metaphysical,  besides  the  classical  prose  works  of  his 
country  and  the  best  authorities  in  Natural  History.  Of  the 
habits  of  birds  and  other  native  creatures  around  him  he  was  a 
watchful  observer,  and  he  described  them  in  purest  English,  with 
a  charm  that  suggested  no  disadvantageous  comparison  with  White 
of  Selbome.  Soon  after  his  marriage,  which  occurred  late  in  life, 
he  spent  a  year  in  Switzerland,  and  Wordsworth,  who  had  long 
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known  and  esteemed  him,  told  me  that  the  brief  records  made  bjr 
him  of  noteworthy  incidents  of  travel  or  natural  phenomena  were 
models  of  what  a  tourist,  eschewing  the  commonplace  and  the  super- 
fluous, should  indite.  Wordsworth's  poems  he  particularly  loyed 
for  their  truth  in  the  expression  of  the  contemplative  mind  occu- 
pied with  outward  nature  and  its  own  higher  aspirations;  he 
knew  most  of  them  by  heart,  and  his  spontaneous  recitation  of 
them  was  scarcely  inferior  in  feeling  and  truthfulness  to  that  of 
the  poet  himself. 

I  should  say  more  of  him  and  of  Mrs.  Pearson,  had  not  the 
latter,  T)y  a  biography,*  printed  for  the  enjoyment  of  his  friends, 
preserved  from  oblivion  the  character  and  some  of  the  writings  of 
her  husband.  I  remember  that  at  Dovenest  the  Yarrow  poems  of 
Wordsworth,  illustrated  by  all  the  ballads  which  prompted  them, 
afforded  delightful  subject  of  discussion  to  him  and  Hamilton, 
and  to  others  taking  in  it  a  subordinate  share,  and  that  from 
poetry  the  keen  intellect  of  the  rural  philosopher  passed  on  to 
metaphysics,  and  urged  the  scientific  sage,  not  without  some 
reward  and  satisfaction,  for  explanations  and  judgments.  The 
question,  then  much  canvassed,  of  the  plurality  of  inhabited 
worlds  excited  between  them  a  lively  difference  of  opinion; 
Hamilton,  though  refraining  from  a  negative  conclusion,  agree* 
ing  with  Whewell  in  considering  that  science  afforded  no  analogy 
in  favour  of  the  idea. 

Hamilton  and  his  boy  accompanied  Mr.  and  Mrs.  Bichard 
Napier  across  Dimmail  Baise  to  Xesvrick,  and  proceeded  by 
Whitehaven  to  Belfast  and  Carlingford,  where  he  was  again  the 
guest  of  Mr.  and  Mrs.  Disney.  In  the  middle  of  October  he  was 
at  home  in  his  Observatory,  where  the  only  exciting  event  of  the 
closing  year  was  a  visit  from  the  deaf  and  dumb  boys  of  Clare- 
mont  Institution,  to  whom  Hamilton  and  his  assistant  showed  the 
telescopes  and  some  of  the  heavenly  bodies,  receiving  afterwards 
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in  return  what  he  calls  *  a  most  delightful  and  oharaoteristio  letter 
of  thanks.'  In  simple  terms  it  expressed  admiration  of  the  proofa 
of  God's  Almighty  power,  and  gratitude  for  the  bread,  jam,  coffee^ 
and  milk  supplied  to  them  by  Lady  Hamilton.  De  Morgan  com- 
mented in  his  witty  way  upon  this  letter,  writing  about  it,  if  I 
remember  rightly — *  These  D.D.s  are  like  other  D.D.s  in  wisely 
linking  together  the  good  things  of  heaven  and  earth.' 

Headers  who  remember  the  terms  of  friendship  which  in  early 
years  subsisted  between  Hamilton  and  Lady  Campbell  «will  have 
noted  with  pleasure  that  he  continued  to  correspond  with  her,  and 
will  be  glad  to  learn  that  he  still  enjoyed  the  advantage  of  being 
able  to  confide  to  her  his  inward  trials,  and  to  speak  to  her  freely 
of  his  spiritual  state,  receiving  in  return  kindly  sympathy  and 
wise  counsel.  As  a  true  friend,  she  had  not  failed  earnestly  to 
plead  with  him  his  own  cause,  when  she  heard  of  the  danger  that 
threatened  him  of  being  dominated  by  a  fatal  habit ;  and  now,  at 
the  beginning  of  this  year,  congratulating  him  on  the  publication 
of  his  Lectures^  she  had  written — '  I  hear  the  Quaternions  is  a 
wonderful  book,  and  sheds  a  light  on  Ireland.  You  know  how  I 
love  to  be  proud  of  you,  so  I  need  not  tell  you  how  I  rejoiced  to 
hear  this.'  In  Hamilton's  letters  of  this  period  to  his  old  friend, 
the  portions  which  are  most  interesting  are  such  as  it  would  not  be 
right  to  give  to  the  public,  and  those  of  slighter  texture  would  not 
well  stand  alone.  I  must  content  myself  with  producing  notes 
referring  to  small  books  published  by  Lady  Campbell,  which 
were  marked  by  a  beautiful  delicacy  of  touch  in  description  and 
by  justness  of  feeling,  and  with  extracting  one  passage  from  a 
later  letter  which  incidentally  presents  a  combined  retrospect 
of  the  external  and  spiritual  life  of  the  writer. 

<  Obseryatobt,  May  17,  1864. 


'So  while  you  were  seeking  to  draw  me  out,  on  May-day  last,  to 
talk  too  much  about  what  you  were  pleased  to  call  my  '^  wonderful" 
book,  you  did  not  give  me  the  least  hint  that  there  was  a  chanco 
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of  my  80  BOOH  seeing  your  "charming"  one  .  .  .  Now  I  won't 
begin  to  praise  you  even  as  an  author,  and  can't  say  that  I  find 
that  anyone  here  is  disposed  to  wotider  at  your  producing  a  de- 
lightful book.  But  I  may  mention  or  confess  that,  living  so  much 
out  of  the  world  as  I  do,  it  was  not  till  yesterday  that  I  heard  of 
the  publication  of  your  Cahin  by  the  Wayside,  and  forthwith 
pounced  upon  it  at  M'Qlashan's  .  .  . 

But  your  book  fairly  carried  the  day,  or  the  evening,  as  I  was 
walking  back  along  the  Canal  yesterday,  after  having  walked 
to  Dublin  some  hours  earlier  by  the  same  path.  A  couple  of  mile- 
stones gave  me  very  pleasant  opportunities  for  sitting  down  to 
read  more  comfortably,  and  when  I  got  home  I  was  so  selfish  as 
to  finish  the  book  quite  alone.  But  this  morning  I  showed  it  to 
Lady  Hamilton.  ...  At  all  events  she  never  stopped  till  she  had 
read  aloud  the  whole  to  my  little  daughter,  and  to  a  son,  who  pre- 
tended to  be  reading  Homer.  I  have  put  my  daughter's  name  in 
the  copy.* 

*  May  ISth. — Unquestionably  I  shall  accept  with  pleasure,  not 
to  say  with  pride,  the  copy  which  you  promised  me  of  Tfie  Story  of 
an  Apple;  and  what's  more,  that  I  may  have  the  pleasure  of  reading 
it  first,  as  a  gift  from  you,  I  shall  abstain  from  ordering  the  book. 
My  son  Archy  has  confessed  that  he  was  listening  while  his 
mother  was  reading  your  book  aloud.' 

*  June  15th. — It  was  Jellett's  turn,  as  one  of  the  Examiners 
for  Bishop  Law's  Mathematical  Premiums,  to  give  the  annual 
dinner.  I  sat  between  him  and  Mr.  Walsh,  a  clever  barrister,* 
and  remarked  to  the  latter  that  this  was  the  28th  time  of  my 
assisting  at  an  Examination  Dinner  of  this  particular  kind. 
"  What  a  frightful  restrospect  I "  exclaimed  he.  "  Do  you  mean 
the  dinners? "  I  asked  him.  " No,"  said  he,  "  but  the  years."  I 
let  the  conversation  on  that  subject  drop;  but  cannot  altogether 
regret  that  I  have  lived  so  long,  though  I  have  had  impatient  fits. 
Or  rather,  in  my  serious  moods,  I  feel  it  to  be  a  subject  of  deep 
thankfulness  that  so  much  time  has  been  allowed  for  schooling — a 
process  which  as  yet  has  been  very  imperfectly  performed  in  my 
own  case  •  .  •  if  I  find  and  transcribe  them  [some  notes  written  at 

*  Afterwards  Maater  of  the  Bolla. 
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the  oommenoement  of  the  preoedmg  year],  you  will  see  that,  when 
ihoaghtfolly  oonsideriiig  the  question,  I  have  heretofore  reoog- 
nised,  as  I  still  do  reoognise,  a  kindness  in  life  being  spared.  .  . . 

P.  S. — I  have  played  a  few  games  of  draughts  this  morning 
with  my  daughter— dear,  sweet,  patient  child.  She  has  very  few 
source  of  amusement,  but  she  enjoys  flowers,  the  garden,  and  the 
Bible.' 


C2 
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OHAPTEE  XL. 

OORRBSPONDBNCB   WITH  AUBRBT  DE  VERB :   WITH  THE   MICH0L8  T 

cipher:     MRS.   WILDE. 

(l865.) 

The  year  1855  was  not  remarkable  in  Hamilton's  histoiy,  either 
for  soientifio  work  or  for  events  of  importance ;  yet  there  remaina 
of  it  extensive  record  in  the  form  of  correspondence.  A  summary 
of  the  f actSy  followed  by  some  extracts  from  the  correspondenoe,. 
may  here  suffice. 

The  correspondence  between  Hamilton  and  Aubrey  DeVere- 
springs  again  into  activity.  It  had  been  interrupted  by  an  illness 
of  the  latter  from  scarlatina  which  precluded  for  a  time  intercourse  of 
any  kind.  In  its  oourse — it  went  on  continuously  into  the  succeed- 
ing year — Mr.  De  Vere  wrote  some  most  interesting  letters,  giving 
an  account  of  his  gradual  change  in  religious  opinion,  until  his 
final  submission  to  the  Boman  Catholic  Church.  Hamilton  declines 
to  discuss  the  great  question  controversially,  but  gives  his  friend 
clearly  to  understand  that  his  own  opinions,  instead  of  moving  in 
the  same  direction,  had  become  more  Protestant.  Had  Hamilton's 
letters  met  those  of  his  friend  by  argument,  I  should  have  thought 
it  a  duty  to  print  both  sides  of  the  correspondence  in  full ;  but 
besides  the  limits  of  space  which  I  am  obliged  to  observe,  I  have  to 
consider  that  these  letters  of  Mr.  De  Vere  belong  more  properly  to 
the  history  of  his  own  life.  It  is  to  be  desired,  I  think,  that  they 
may  see  the  light,  for  undoubtedly  they  deserve  meditation  and 
discussion,  as  worthily  expressing  the  views  which  proved  decisive 
with  a  singularly  pure  and  thoughtful  mind.  I  say  this,  though 
myself  farther  removed,  perhaps,  from  his  stand-point  than  was 
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Hamiltoiiy  of  whom  it  is  only  fair  to  add  that,  writing  sabsequentlj 
to  another  friend,  he  oalls  Aubrey  De  Yere  a  '  splendid  type  of 
Bomanism.'  It  is  true  also  that,  although  the  two  friends  diverged 
widely  as  to  the  Churoh  question,  they  continued  to  the  end  to  be 
in  harmony  in  respect  to  their  views  of  religious  philosophy; 
Hamilton,  as  well  as  De  Yere,  maintaining  that,  from  the  constitu- 
tion of  the  human  mind,  Faith  had  in  Religion  a  function  at  least 
oo-ordinate  with  that  of  Knowledge. 

The  meeting  of  the  British  Association  attracted  Hamilton,  in 
the  September  of  this  year,  to  Glasgow,  and  there,  at  the  ObsOT- 
vatory  of  the  University,  he  became  the  guest  of  his  friend  Dr. 
JTohn  Pringle  Nichol;  and  an  intimacy  thus  arose  between  him 
And  the  family  of  the  accomplished  astronomer,  which  continued 
to  be  highly  prized  on  both  sides.  Dr.  Nicholas  son,  now  Pro- 
fessor of  English  Literature  in  his  father's  University,  was  then  a 
member  of  Balliol  College,  Oxford,  and  already  manifested  that 
taste  for  modem  literature,  of  which  he  has  since  given  to  the 
public  proofs  which  mark  him  out  as  not  only  a  vigorous  critic, 
but  a  man  of  poetic  power.  The  confidence  which  his  father  had 
won  from  Hamilton  was  now,  with  full  expansion  of  feeling, 
imparted  to  the  son ;  and  the  daughter  and  sister  of  these  men, 
Agnes  Nichol  (afterwards  to  become  wife  of  Dr.  Jack,  Professor 
of  Mathematics),  herself  imbued  in  literature,  and  exercising  in  it 
her  inventive  faculty,  was  admitted  a  member  of  the  band  of 
friends.  The  correspondence  which  resulted  was  frequent  and 
•animated ;  but  as  on  Hamilton's  side  it  was  mostly  occupied  with 
the  incidents  of  the  past,  a  region  which  the  reader  has  already 
traversed,  I  refrain  from  quoting  it,  except  in  brief  extract.*    One 

*  It  was  about  this  time  that  John  Niohol,  Jan.,  addressed  to  Hamilton 
two  sozmets,  which  tended  to  cement  the  friendship  between  them.  These 
sonnets  dwelt  npon  the  combination  in  Hamilton  of  simplioily  and  affection 
with  high  scientific  qualities ;  but  some  imperfections  of  expression  rendered 
their  author  dissatisfied  with  them,  and  he  afterwards  condensed  their  meaning 
into  a  single  sonnet,  which  has  appeared  in  the  collection  of  poems  recently 
pnbluhed  by  him.  A  similar  tribute  to  the  memory  of  his  father  may  be  found 
in  the  same  volume,  and  in  this  connexion  will  interest  the  reader. 
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sabjeet  of  Ebunflton'B  letters  to  Dr.  Niohol  and  his  son  was  a 
cipher  of  his  own  inyention.  Some  of  the  extracts  which  follow 
will  inform  the  reader  of  the  great  merits  of  this  cipher,  the 
almost  unlimited  power  of  variation  which  it  admits  of,  and  the 
practical  impossibility  of  discovering  its  key.  Hamilton  was  wont 
to  say  that  he  believed  a  challenge  to  the  whole  world  to  discover 
it  would  not  meet  a  reply. 

The  communication  which  Hamilton  made  to  the  Mathemati* 
cal  Section  of  the  British  Association  at  Glasgow  was  a  Paper  On 
the  Coneq>tum  of  the  Anharmonic  Quaternion  and  on  its  AppHcaUon- 
to  a  Theory  of  Involution  in  Space*  During  the  week  of  the  meet- 
ing he  joined  an  excursion-party  to  the  Isle  of  Arran,  and  with  a 
select  number  of  its  members  was  received  by  the  Duke  of  Hamil- 
ton at  a  dijeuner  at  Brodick  Castle,  Sir  Roderick  Murohison 
introducing  him  personally,  and  bespeaking  for  him  the  place 
of  honour  among  the  guests.  This  visit  was  one  of  great  enjoy- 
ment to  Hamilton.  The  conversation  which  passed  led  to  a  short 
but  cordial  correspondence.  Hamilton  had  mentioned,  perhapa 
quoted,  to  his  host  Aubrey  De  Yere's  poem  to  the  memory  of  the 
Highland  Mary  of  Bums,  and  the  Duke  had  the  tact  to  recognise 
in  Hamilton  a  namesake  as  well  as  a  savant.  Accordingly  Hamil- 
ton afterwards  forwarded  to  him  a  copy  of  Mr.  De  Yere's  poem, 
adding  (let  it  be  confessed)  his  own  Dargle  Verses^  and  made 
good  his  title  to  his  name  by  using  and  calling  attention  to  the 
impression  on  the  envelope  of  his  father's  seal,  which  bore  the 
Hamilton  crest  and  motto ;  and  in  reference  to  his  own  brandi  of 
the  family,  in  a  subsequent  letter  to  the  Duke,  he  took  occasion  to 
write : — '  Sir  W.  B.  H.  has,  with  the  exception  of  his  two  sona 
William  and  Archibald,  only  one  living  male  relative  of  his  own 
name  with  any  traceable  degree  of  connexion :  namely,  his  cousin 
the  Bev.  James  Hamilton,  who  has  the  living  of  Loughcrew  in 
If eath,  and  who  (according  to  family  tradition)  \a  the  heir  to- 
a  dormant  baronetcy.' 

On  the  day  he  left  the  Observatory  of  Glasgow  Hamilton  com- 
posed a  sonnet  prompted  by  a  photograph  of  his  daughter,  which 


AKAT.  «o.]  His  Daughter.  2  j 

he  had  leoeived  as  a  gift  from  her  on  the  eye  of  his  departure  from 
home.  ThiB  sweet  and  interesting  ohild  had  wound  all  her  tendrils 
round  her  father's  heart  In  one  of  his  letters  I  find  him 
wilting : — ^''I  think  Lady  Hamilton  would  forgive  me  for  saying 
that  the  being  I  now  lore  most  in  the  world  is  my  little  daughter;  ** 
and  elsewhere  he  declares  that  he  is  in  the  habit  of  judging  the 
happiness  of  other  men  by  oonsidering  whether  they  have  or  have 
not  a  daughter.  It  may  be  added,  that  even  at  this  time — she  was 
now  only  fifteen— she  had  evinoed  much  love  for  poetry,  with 
which  she  had  largely  stored  her  memory,  and  that  having  been 
brought  through  more  than  one  serious  ilbiess,  she  had  been  very 
recently  a  sufferer  from  an  accidental  bum  of  considerable  severity. 

'  SONNET  TO  MY  DAUGHTER. 

'  Dear  patient  child !  upon  a  "bed  of  pain 
Bo  lately  lying,  watched  by  tender  eyes, 
Thy  son-limned  fiice  and  form  I  dearly  prize, 
Thy  gift  at  parting ;  and  can  see  again 
Thy  head  bowed  meekly  o'er  some  poet-strain. 
In  book  out-spread,  or  some  diviner  page, 
Such  as  would  oft  thy  maiden  thoughts  engage 
Ere  yet  I  left  thee  for  the  ocean-plain. 
Not  all  the  wealth  of  mind,  not  social  joy, 
When  Scottish  Science  met  in  converse  free 
With  men  of  other  lauds,  and  welcomed  me, 
Away  from  thee  could  all  my  heart  employ. 
In  starry  tower,  or  on  the  sunny  water, 
I  blessed  my  loving  and  beloved  daughter. 

«  Obsertatobt,  Glasgow,  September  24,  185d.' 

Late  in  the  autumn  of  this  year  a  visit  wasjpaid  to  his  own 
Observatory,  which  stirred  into  activity  remembrances  which  had 
not  ceased  to  be  cherished  by  Hamilton,  and*enabled  him  to  show 
the  interest  of  a  friend  in  persons  whom  he  hadjnot  before  seen. 
One  day  in  October,  Mr.  Bobert  O'Brien  arrived  at  Dunsink 
with  his  two  young  daughters  and  their  two  brothers.  Mrs. 
O'Brien,  formerly  Ellen  DeYere,  had  desired  that  her  husband 
and  children  should  be  known  to  Hamilton  and  his  wife,  and 
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advantage  was  taken  of  their  being  for  a  short  time  in  Dublin  to 
make  an  arrangement  for  the  purpose.  Friendly  feeling  was 
manifested  on  all  sides,  and  Hamilton  took  special  delight  in 
showing  to  the  daughters  an  experiment  which  he  remembered 
having  in  the  same  meridian  room  shown  to  the  mother,  and  never 
in  the  long  interval  to  anyone  else — ^that  of  a  key  floating  on 
meroury — and  he  was  prompted,  when  the  visit  was  over,  to  oom- 
pose  a  sonnet  addressed  to  the  two  young  girls,  which  in  affeo- 
tionate  terms  expressed  the  pleased  and  tender  feelings  with  whioh 
he  had  welcomed  them  to  his  house,  and  joined  them  to  the  com- 
pany of  friends,  living  and  dead,  whom  he  Hked  to  associate  with 
the  thoughts  of  his  garden : — 

<  Mary  and  Alice  I  though  hefore  that  day 
Unmet,  when,  through  this  garden  wandering, 
Lately  ye  trod  where  Wordsworth  once  deigned  sing 
Some  grand  old  strain  for  me,  or  newer  lay 
Murmured,  half  musing,  or  in  boyhood's  May 
With  Brinkley  spent  I  sweet  but  solemn  hours, 
Listening  his  lovely  lore  of  stars  or  flowers, 
The  thought  of  you  not  soon  shall  pass  away ! 
Your  images  shall  rise  before  me  here, 
With  thoughts  of  other  friends  of  long  ago : 
Time  takes  not  all  things  in  his  ceaseless  flow, 
Fixes  and  hallows  some :  and  many  a  year. 
Since  dear  ones  linked  with  you  I  flrst  did  know, 
Gives  me  a  poet's  right  to  oidl  you  dear. 

'  Obsebvatoby,  yovemher  5th,  1855/ 

In  the  spring  of  the  year  Hamilton  met,  for  the  first  time, 
Mrs.  Wilde,  afterwards  Lady  Wilde,  the  wife  of  Sir  William  R. 
Wilde,  the  eminent  physician  and  Irish  archsdologist,  herself 
remarkable  as  a  woman  of  warm  feelings  and  literarj  faculty, 
shown  in  patriotic  and  eloquent  contributions  to  newspapers  and 
other  less  ephemeral  periodicals,  and  in  poems  published  under  the 
name  of  SperanzOj  and,  it  may  be  truly  added,  as  a  woman  of  high 
sispirations  and  real  genius.  The  acquaintance  rapidly  ripened  into 
friendship,  and  a  correspondence  ensued  in  which  Hamilton  some- 
times  acted  as  critic  of  a  poem  by  Speransuiy  at  other  times  confided 


AEXAX.  60.]  Lady  Wilde.     Hipparchus.  25 

to  her  the  stoiy  of  bis  life.  The  same  reasons  which  have  led  me 
to  refrain  from  presenting  in  print  Hamilton's  oorrespondenoe 
with  the  Niohol  family  dictate  a  similar  course  in  this  instance. 
Bat  it  would  be  wrong  to  leave  unrecorded  the  fact  that  Hamilton 
was  not  only  interested  in  the  mind  of  this  gifted  countrywoman, 
but  esteemed  highly  her  whole  nature,  in  which  he  recognised 
many  features  of  native  nobility. 

It  was  at  the  end  of  1855  that  Hamilton  was  led  by  his  stndy 

of  the  Almagest  of  Ptolemy  to  engage  in  computations  connected 

with  the  Problem  of  HipparehuSy  which  set  forth  the  remarkable 

acooracy  of  the  observations  and  deductions  of  Hipparchus;   a 

degree  of  accuracy  declined  from,  rather  than  improved  upon,  by 

his  admirer  and  commentator  of  300  years  later  date,  Claudius 

Ptolemy.     A  specimen  of  this  exercise  of  Hamilton's  powers  in 

exhibition  of  the  work  of  these  Fathers  of  Astronomical  Science 

may  be  found  in  Hermathena  for  1883.     By  his  study  of  this 

astronomical  problem  Hamilton  was  led  on  to  investigate,  in  an 

extended  treatise,   a  geodetical  problem,  having  much  affinity, 

which  had  been  proposed  and  solved  by  the  celebrated  Snellius  in 

1617.     This  treatise  remains  unpublished.    Among  Hamilton's 

scientific  correspondents  during  this  year  were,  besides  De  Morgan, 

Uoyd,  Boole,  Cayley,  Carmichael,  Bomney  Bobinson.     I  find 

four  pages  (61-64),  but  no  more,  of  a  letter  to  Mr.  Townsend, 

F.T.C.D.,  on  Co-planar  (or  Homosphseric)  Involution. 

An  extract  from  a  letter  to  Mrs.  Wilde,  with  which  I  intro- 
duce the  non-scientific  correspondence  of  this  year,  has  much  bio- 
graphical and  ethical  value,  as  showing  that  though  Hamilton 
loved  praise  he  also  feared  it,  and  that  his  was  a  mind  which,  with 
regard  to  politics,  was  no  holder  of  stereotyped  opinions,  but 
capable  of  growth,  and  of  comprehensive  sympathy.  After  somo 
remarks  (prompted  by  a  letter  from  his  enthusiastic  correspondent) 
on  the  dangers  of  the  reciprocal  admiration  of  friends — its  liability 
to  degenerate  into  reciprocal  flattery — ^Hamilton  observes : — 
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From  Sir  W.  E.  Hamilton  to  Mrs.  Wilde. 

<  Obskrtatost,  Jwm  30. 

^ ...  At  all  events  you  are  no  chaplain  of  mine,  but  onlj  a 
fair  compatriot  J  whose  Irish  feelings  prompt  you  to  take  the  most 
fayourable  view  in  your  power  of  one  who  is  essentially  an  Irish- 
man by  birth,  and  life,  and  labour,  though  educated  by  a  clergy* 
man  who  held  the  aaoendancy  principles  (from  which,  by  very 
slow  degrees,  I  have  been  through  life  gradually  emancipating^ 
myself),  and  who  would  have  regarded  repeal  as  rebellion.  It  wa& 
English  history,  not  Irish  which  I  was  taught ;  and  my  heart  still 
throbs  with  sympathy  for  that  great  British  Empire  to  which, 
from  childhood,  I  have  been  accustomed  to  consider  myself  aa 
belonging  as  to  my  country — though  Ireland,  as  Ireland,  haa 
always  been  the  object  of  my  love — and,  I  think  you  will  admit, 
of  my  exertions.  G-od  forbid,  then,  that  I  should  even  smile,  and 
I  pray  you  also  not  to  think  it,  at  any  grief,  or  sadness,  or  depres- 
sion which  any  feeling  of  patriotism  may  have  caused  you.  Edu- 
cation has  much  to  do  with  the  direction  of  such  a  feeling,  but  I 
know  what  it  is,  without  hope  or  fear  of  any  private  gain  or  loss,  to« 
sympathise  with  a  nation.  I  was  almost  literally  sick  with  sorrow 
at  hearing  of  the  disasters  in  Cabool  and  the  Khyber  Pass  several 
years  ago.' 

Passages  from  a  letter  written  in  the  spring  of  1885,  to  his  old 
and  kind  friend,  Lady  Dunraven,  will,  by  the  mention  of  the 
sister  of  Aubrey  De  Yere,  lead  on  the  reader  to  the  letters  whioh 
passed  in  this  year  between  him  and  Hamilton. 

From  Sir  W.  R.  Hamilton  to  the  Countess  Dowager  of 

Dunraven. 

[from  a  copy.] 

*•  Obsebtatort,  May  19,  1865. 

^  How  often  have  I  poured  out  to  you  in  years  now  long  past 
the  secrets  of  my  heart,  and  how  kindly  you  suffered  me  to  do  so^ 
and  responded  to,  and  comforted  me ! 
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"  Lady,  who  with  a  mother'i  tendemew, 
And  fond  indulgent  patience,  nursinglj 
Cherished  that  hope  in  its  frail  infancy.  •  •  ."* 

*  Ton  see  that  I  quote  from  memory  [allnding  to  a  yerbal  oor- 
reotion  made  in  his  writiiig  of  the  quotation],  though  I  don't  forget 
your  most  kindly  returning  me  some  years  ago  the  original,  such 
as  it  was,  of  those  that  were  at  least  heartfelt  lines. 

'A  Yery  unexpected  and  yet  very  natural  oircumstanoe,  or 
train  of  oiroumstances,  has  brought  back  Ellen  De  Yere,  and  of 
course  you,  dear  Lady  Dunraven,  with  imusual  freshness  beforo 
my  mind  and  heart,  within  the  last  few  days,  although  you  and 
she  had  never  been  forgotten. 

*  My  dear  sister  Eliza,  the  poetess,  whom  I  am  ashamed  to 
oonf ess  that  I  forget  whether  you  ever  saw,  but  with  whom  Lady 
Anna  Maria  exchanged  some  friendly  notes,  died  in  my  arms  in 
May,  1851,  having  every  comfort,  spiritual  and  temporal,  which  it 
was  possible  to  procure  for  her,  and  with  that  last  poetic  satis- 
faction of  the  evening  sun  shining  beautifully  and  gloriously^ 
as  well  as  comfortingly,  in  for  the  few  minutes  which  were  her 
last.  We  read  of  the  Sun  of  Eighteousness,  and  the  early  Chris- 
tians accepted  the  title  of  Suni&j  from  the  heathens  as  associated 
with  Him  who,  on  that  day,  rose  from  the  dead,  and  triumphed 
for  Himself  and  for  us. 

'My  sister  Eliza  left  me  the  most  entire  control  over  her 
papers,  which  were  many,  with  power  to  preserve  or  destroy.  To 
some  extent — indeed  to  a  large  one — I  have  used  the  latter  power, 
by  putting  into  the  flames,  after  reading  them,  a  great  number  of 
the  sheets  of  a  journal  which,  I  am  convinced,  would  have  brought 
me  in  some  hundreds  of  pounds  if  I  could  have  borne  to  publish 
it,  but  which  was  written  for  herself  ahne^  though  in  her  dying^ 
hours  she  gave  me  permission  to  read  it,  and  which  described 
too  freely,  as  I  judged,  though  without  any  particle  of  malice,  our 
many  visitors  of  long  ago  to  this  Observatory. 

'  But  among  the  numerous  papers  which  thus  came  into  my 
hands,  it  is  only  very  recently,  after  the  expiration  of  four  year^ 
of  mourning  for  my  sister,  that  I  have  taken  courage  to  open  what 
she  considered  her  pet  box  of  letters^  and  had  confided  unreservedly 

•  YoL  i.,  p.  610. 
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to  me.  If  I  tell  you  that  I  found  in  that  box  a  large  number  of 
letters  of  m j  own,  you  will  make  allowanoe  for  the  affection  which 
we  felt  towards  each  other,  and  which  was  more  like  that  of  twins 
than  of  a  brother  and  sister  whose  ages  differed  by  more  than  a 
year,  but  who  *'  in  early  childhood,  almost  infancy,  had  wandered 
forth  together  fancy- fraught."*  We  loved  each  other  to  the  last, 
and  I  had  the  satisfaction  of  being  .  .  •  useful  to  her.  Indeed 
I  have  burned  a  great  number  of  letters  of  hers  to  me,  because  I 
did  not  like  to  preserve  records  of  the  gratitude  of  one  who  de- 
served a//,  and  more  than  all,  which  it  was  in  my  power  to  do. 

'  But  among  the  papers  of  my  sister  I  have  f  oimd  many  letters 
which  had  not  been  written  by  myself ;  and  among  those  I  must 
•confess  that  I  have  found,  and  even  read,  though  I  have  not  yet 
had  courage  to  read  through  all  of  them,  several  letters  from  Ellen 
De  Yere,  and  from  Mrs.  Kobert  O'Brien.  At  this  great  distance 
of  time  it  did  not  seem  to  me  an  unpardonable  sin,  nor  even  any 
want  of  delicacy,  to  do  so ;  and  I  was  comforted  on  that  score  by 
finding  in  one  of  the  most  beautiful,  but  also  most  secret,  letters  of 
the  set  the  remark :  '^  I  should  be  glad  that  no  person  out  of  your 
family  should  know  of  this  letter."  My  sister,  no  doubt,  feared  to 
agitate  me  by  showing  me  at  the  time  that  very  charming  letter ; 
but  surely  I  may  accept,  as  an  anticipatory  forgiveness  lot  reading 
it,  the  sentence  which  I  have  quoted. 

'  We  are  told  from  the  pulpit,  and  cannot,  perhaps,  be  told  too 
often,  of  the  faults  and  corruptions  of  our  nature.  Most  fully, 
most  heartily,  do  I  grant  all  that  from  the  experience  of  myself. 
But  I  must  say  that  my  opinion  of  the  good  part  of  human  nature, 
and  especially  of  the  nature  of  young  ladies,  has  been  very 
•decidedly  exalted  by  the  perusal  of  my  sister's  correspondence,  not 
•quite  completed  yet.  How  much  it  struck,  how  much  it  affected 
me,  to  compare  the  ardent  yet  discriminative  enthusiasm  with 
which  Ellen  De  Yere  and  Dora  Wordsworth  (whose  grave  I  kissed 
by  moonlight  at  Orasmere  last  autumn)  wrote  to  my  sister  sepa- 
rately of  their  first  meeting ! ' 


•  Vol.  i.,  p.  495. 
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From  Ax7BBET  Db  Ybbb  to  Sir  W.  B.  Hamilton. 

'  KiLLABifBT,  J%Uy  25,  1855. 

' .  .  .  I  cannot  say  how  muoh  I  am  obliged  to  yon  for  them 
[letters  of  Sir  W.  B.  Hamilton  forwarded  from  the  Seven 
GhurchesJ.  They  are  conyinoing  proofs  that  you  have  not  for- 
gotten old  times.  To  me  old  times  seem  rather  to  approach  one 
nearer,  as  one  advances  in  life,  than  to  recede  into  the  distance. 
To  Time  may  be  said,  in  its  degree,  what  Wordsworth  says  to  a 
mightier  Power — 

<>  Tbon  takest  not  awaj,  0  Death." 

The  present  it  is,  not  the  past,  that  looks  like  a  vision,  except  so 
far  as  duty  and  sorrow  convert  it  into  a  reality. 

'  The  extracts  which  you  sent  me  [from  old  letters  of  E.  De* 
Yere  about  Gurragh]  have  for  me  a  deep  and  touching  interest, 
partly  of  a  different  kind  from  that  which  they  have  for  you.  At 
first  I  hardly  understood  what  they  referred  to,  or  by  whom  they 
were  written.  Gradually  the  mist  cleared  away,  and  scenes  which 
belonged  to  my  boyhood,  but  which  were  the  most  touching  I  have 
ever  known,  came  back  to  me  with  the  strange  pathos  of  the  past. 
The  very  features  of  the  beautiful  face,  referred  to  in  the  letter  to 
your  sister,  seemed  to  look  forth  again  from  the  long  darkness — 
not,  however,  in  the  radiance  of  youthful  life,  but  in  the  yet  more 
beautiful  stillness  of  death — flower-crowned,  and  with  a  sweetness 
that  seemed  cast  down  from  the  region  of  Immortality.* 

*  I  should  wish  to  hear  something  more  of  your  sister  Eliza. 
She  died,  you  tell  me,  in  your  arms,  and  four  years  ago.  Had 
she  been  long  ill  P  I  trust  that  her  death  was  one  of  peace  and 
joy,  for  I  believe  that  there  is  sometimes  a  joy  as  well  as  peace  in 
death  that  life  knows  not  of.  This,  however,  is  granted  or  not 
granted,  as  G-od  sees  good  for  each  several  person,  and  no  infe- 
rence is  to  be  drawn  from  its  absence.  I  shall  be  very  grateful  for 
a  copy  of  your  sister's  poetry.  There  are  poems  of  hers  which  can 
hardly  be  forgotten.  Those  which  you  tell  me  my  sister  singled 
out  for  special  approbation  were,  I  think,  my  favourites  also,  but 
the  Columbus  I  liked  the  best  of  all.     Some  of  the  lines  of  it 


*  This  passage  refers  to  a  sister  of  the  writer  of  the  letter,  who  died  at  the 
age  of  fourteen. 
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recurred  frequently  to  my  memoiy  during  that  long  and  trying 
period  of  change  (progress  I  should  rather  call  it)  in  my  religions 
convictions,  which  ended  in  a  change  of  my  religious  position — a 
period  in  which  one  seemed  to  navigate  a  trackless  deep,  over 
which  Faith  alone  could  be  one's  guide  (though  many  a  '^  floating 
wreath  impearled"  gave  good  omen),  till  were  heard  the  voices — 

*<  Deep-marmnring  <  land'  in  musio  proud."  * 

*  She  must  have  left  many  poems  unpublished.  I  have  directed 
my  last  volume  to  be  sent  to  you  at  the  address  you  name.  I 
should  have  wished  to  dedicate  the  volume  to  you,  as  some  of  the 
poems  in  it  were  included  in  the  volume  originally  so  dedicated. 
It  would  not  have  been  suitable  to  do  so,  however,  as  several  of 
the  poems  at  the  end  of  the  volume  express  opinions  with  which  I 
•could  hardly  expect  you  to  be  in  sympathy.  The  present  arrange- 
ment of  the  poems  is,  however,  but  temporary,  and  those  that 
originally  belonged  to  you  will,  I  trust,  find  their  way  back  to  you 
ere  long  in  a  new  edition.  .  .  . 

*  To  return,  however,  from  Poetry  to  Life  ....  I  am  very 
glad  that  you  made  a  pilgrimage  to  see  Mrs.  Wordsworth  last 
year.  She  is  the  most  venerable  woman  in  England.  I  visited 
her  also  since  her  widowhood.  She  always  spoke  in  the  most 
cordial  terms  of  you,  as  did  the  great  Bard.  He  used  to  say  yoa 
were  the  only  man  who  had  ever  reminded  him  of  Coleridge. 
You  were  sorry,  I  am  sure,  for  poor  Hartley  Coleridge.  TTir 
sister,  Sara  Coleridge,  who  died  some  years  ago,  was  one  of 
my  most  intimate  friends.  She  inherited  no  small  part  of  her 
father's  genius.  Do  you  ever  read  his  works  now  P  Wordsworth 
seems  to  me  to  have  much  more  accomplished  his  mission.  .  .  . 
It  has  been  a  real  gratification  to  me  to  find  that  your  thoughts 
have  been  reverting  so  much  of  late  to  that  Past  in  which  my  own 
find  so  conmionly  their  home.  The  modem  world,  ever  rushing 
into  the  future,  is,  I  suppose,  against  all  reminiscences  on  account 
of  their  "  inutility : "  but  surely  this  is  but  in  accordance  with  its 
usual  materialism.  "A  painless  memory  of  pain"  will  probably 
be  part  of  the  inheritance  of  the  Blessed  hereafter ;  and  we  are 
surely  the  better  for  anticipating  here  what,  we  hope,  awaits  us  in 


•  Columbus f  by  E.  M.  H.,  see  vol.  ii.,  p.  698. 
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a  happier  sphere.  All  your  Tecolleotioos  of  mj  sister  give  me  the 
same  sort  of  satisfaotion  which  thej  would  give  to  her  also,  as  pre- 
serving old  kindness^  without  the  alloy  of  old  suffering — ^thongli 
suffering  is  less  to  be  called  the  alloy  than  the  fire  which  clears 
the  metal  from  the  alloy.  It  seems  to  bring  her  back  to  me  as  she 
was  when  a  girl : 

'*  There's  something  oomes  to  us  in  life. 
But  more  is  taken  quite  away." 

^  It  is  as  a  girl  that  I  chiefly  like  to  think  of  her — when  Poetry 
and  Thought  seemed  to  give  her  wings.  She  has  been  happy  as 
a  wife  and  mother ;  though  life  has  brought  its  cares  to  her  as  to 
aU  who  root  themselves  in  it ;  yet  I  do  not  doubt  that  she  would 
have  been  not  less  happy  had  she  continued  to  float  over  the  sur- 
face of  life,  barely  touching  it,  as  of  old.  Be  assured  that  the 
feelings  she  expressed  in  her  letter  to  your  sister  in  1838  are  those 
she  feels  now.  .  .  . 

^  As  for  the  Extracts — which  I  have  been  reading  again  since 
I  began  this  letter— it  is  a  deep  satisfaction  to  me  to  have  them. 
They  oome  to  me  like  a  strange,  and  yet  near  and  thrilling  voice, 
from  the  region  which  we  call  the  Past,  but  which  is  past  only  in 
semblance,  for  whatever  has  been  lives  on  in  its  influences,  and  is 
destined  to  live  again.' 

Fmm  Sir  W.  B.  Hamilton  to  Atjrret  De  Verb. 

<  Obseryatoby,  Aufftut  4,  1855. 

<As  to  our  religious  views,  you  rightly  judge  that  we  differ 
more  than  we  once  did.  Even  if  t/ou  had  stood  still,  which  was 
(as  I  suppose)  impossible,  at  the  point  of  Catholicism  which  you 
occupied  when  we  used  to  have  the  most  frequent  opportunities  of 
conversing  freely  on  such  subjects,  and  when  there  was,  I  think, 
very  little  difference  of  opinion,  if  any,  between  us,  yet  I  have  not 
stood  still.  Yours  has  been,  as  I  most  fully  admit,  and  feel,  with 
respect  to  yourself,  a  vital  progress,  a  real  psychological  develop- 
ment ;  you  are  now  more  consistent  with  your  own  instincts,  and 
so  far  subjectively  truer.  On  the  other  hand,  if  you  knew  my 
mental  history,  you  would  be  apt  to  say,  or  if  too  polite  to  sajf 
it,  you  would  think  that  I  have  been  retrograding,  for  at  least 
ten  years,  since  about  the  time  of  Mr.  Montgomery's  change  of 
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profession.  The  question  of  progress  or  retxogression,  as  regards 
myself y  I  do  not  choose  to  discuss :  but  the  (mentally)  historical 
factj  expressed  in  words  which  we  may  both  adopt,  is  that  while 
you  have  been  becoming,  or  considering  yourself  to  become,  more 
Catholic,  and  certainly  more  Koman,  /  have  been  growing  gradu- 
ally more  Protestant,  and  (as  you  are  welcome  to  call  it)  more 
Anglican,  than  I  once  had  been. 

'  We  are  therefore,  with  whatever  regret  it  may  be  admitted 
on  both  sides,  by  a  twofold  motion,  less  in  harmony  now  with  each 
other  than  we  were  in  former  years,  on  the  subject  of  our  religious 
feelings,  impressions,  and  convictions — that  is  to  say,  on  the  most 
important  subjects  in  the  world — and  I  see  no  probability  of  this 
state  of  things  being  changed.  I  suppose  that  in  saying  all  this 
I  hardly  give  you  any  information — none  certainly  for  which  your 
letters  alone  would  not  show  me  that  you  were  already  abundantly 
prepared. 

^  If  then  it  be  painfully  evident  to  both,  that  under  such  cir* 
cumstances  there  cannot  (whatever  we  may  both  desire)  be  notCy 
in  the  nature  of  things,  or  of  minds,  the  same  degree  of  intimacy 
between  us  as  of  old;  since  we  could  no  longer  talk  with  the  same  de- 
gree of  unreserve  on  every  subject  which  happened  to  present  itself, 
but  must,  from  the  simplest  instincts  of  courtesy,  be  each  on  his 
guard  not  to  say  what  might  be  offensive,  or  at  least  painful  to 
the  other :  yet  we  were  once  so  intimate,  and  retain  still,  and,  as  I 
tinist,  shall  always  retain,  so  much  of  regard  and  esteem  and  ap- 
preciation for  each  other,  made  tender  by  so  many  associations  of 
ray  early  youth  and  your  boyhood,  which  can  never  be  forgotten 
by  either  of  us,  that  (as  times  go)  tivo  or  three  very  respectable 
FRIENDSHIPS  might  easily  be  carved  out  from  the  fragments  of 
our  former  and  ever-to-be-remembered  intimacy!  It  would  be  no 
exaggeration  to  quote  the  words  *'  Heu  quanto  minus  est  cum 
reliquis  versari,  quam  tui  meminisse !  "  .  .  .  ^' 

*  I  have  been  very  much  gratified,  indeed,  by  the  kind  message 
which  I  have  received  through  you  this  morning,  from  one  of  the 
two  ladies  whom  I  have  loved  the  best  in  the  world — and  of  whom 
it  is  a  deep  satisfaction  to  me  to  know,  that  one  is  happily  dead, 
and  the  other  happily  living — namely,  the  objects  of  my  very 
early,  and  of  my  later,  but  still  youthful  poems. 

^  That  I  should  have  seen  the  one  before  her  death,  and  have 
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h^xrd  to-day  through  you,  at  least  by  a  message,  from  the  other^ 
is  8  matter  of  quiet  joy,  and  indeed  of  thankfulness.  It  seems  to 
aay  to  me : — "  Your  past  life  is  rounded  ofif ;  you  have  lived  for 
half  a  century,  and  the  la^t  day  of  it  has  been  made  happy  by  a 
recognition  from  one  whom  you  had  so  very  long  and  so  very  well 
remembered.  Let  that  suffice  for  the  past^  and  try  whether  you 
cannot,  for  the  future,  not  indeed  exert  yourself  more  vigorously 
(that  were  unreasonable  and  hopeless  to  expect),  but  at  least  work 
more  calmly,  suffering  all  agitations  about  former  times  on  earth 
to  be  absorbed  in  thought  of  the  future  eternity."  Decidedly 
I  feel  it  as  a  close  to  an  era^  although  a  very  consoling  close  to  me, 
that  on  a  day  which  to  my  own  imagination,  or  perhaps  fancy 
(for  I  am  accustomed  to  have  associations  with,  and  to  receive  im* 
presfiions  from,  days  that  seem  to  me  remarkable),  presents  itself  so 
much  as  one  of  transition^  as  that  of  my  reaching  the  age  of  fifty, 
at  the  same  time  that  my  second  son,  Archibald,  attains  exactly 
that  of  twenty  years  old,  I  should  receive  through  you  a  kind 
message  of  thanks  from  your  sister,  from  whom  I  had  not  heard 
in  any  way  for  so  very  long  a  time — ^in  fact,  since  1831.  .  .  .* 

I^om  Aubrey  Db  Yere  to  Sir  W.  B.  Hamilton. 

*Auguit  9,  1856. 

^  .  .  These  are  the  things  that  show  us  the  marvellous  depth 
and  strength  of  the  human  affections :  when  we  call  to  mind  how 
commonly  they  are  left  without  response  in  this  world,  or  even  if 
responded  to,  are  opposed  by  invincible  obstacles,  we  cannot  resist 
the  conclusion  that  our  whole  moral  being  finds  here  below  but  a 
rehearsal  of  that  great  part  assigned  to  it  hereafter.  On  earth 
there  seems  no  proportion  between  the  strength  of  the  affections 
and  the  objects  on  which,  or  circumstances  under  which,  they  are 
exercised.  Were  our  life  an  animal  life,  man  would  indeed  be 
the  most  ill-assorted  and  incomplete  of  all  animals.  But  this  very 
incompleteness  of  our  destinies,  considered  as  creatures  of  time, 
takes  its  place  among  the  many  proofs  that  we  are  made  for 
Eternity; — and  doubtless  our  human  affections  bum  with  a  fire 
some  portion  of  which  is  derived  from  that  Love  which  is  to 
last  for  ever,  and  to  be  bestowed  on  no  human  object,  except  as 
koown  and  enjoyed  in  and  through  God.' 

VOL.  ni.  D 
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From  the  Samb  to  the  Same. 

'DnrciLB,  SepUwJber  1,  1855. 

' .  .  .  I  do  not  like,  however,  to  let  another  post  go  out  with- 
out sending  you  at  least  my  most  cordial  thanks  for  a  confidence 
which  is  in  itself  the  best  possible  proof  of  the  sincerity  and 
fidelity  of  your  friendship.  It  also  assures  me  (and  this  is  a 
subject  of  great  gratification  to  me)  that,  seldom  as  we  have  met 
of  late  years,  you  do  not  distrust  the  permanence  on  my  part  of  a 
friendship  which  I  have  always  regarded  as  one  of  the  chief 
blessings  of  my  life.  When  we  met  first,  it  was  at  a  time  when 
I  had  formed  few  friendships;  and  for  this  reason,  as  well  as 
others,  I  naturally  grew  into  the  habit  of  associating  you  with  all 
those  studies  and  aspirations  which  belong  to  growing  youth,  but 
do  not  desert  our  maturer  life.  Later  experience  has  never  tended 
to  withdraw  my  thoughts  and  affections  from  what  belonged  to 
that  early  time ;  and  even  to  the  most  intimate  of  my  later 
friends  I  have  often  been  tempted  to  say,  as  Charles  Lamb  does 
in  one  of  his  poems,  "  Why  did  you  not  belong  to  the  old,  well- 
remembered  times  P''   .  .  . 

*'  I  will  take  care  to  communicate  to  my  sister,  when  I  see  her 
next,  what  you  so  kindly,  and  with  such  affectionate  and  generous 
remembrance,  say  respecting  her;  and  in  the  meantime  I  may 
safely  assure  you  that  she  has  never  forgotten  you,  or  remembered 
you  with  other  feelings  than  those  of  the  warmest,  most  grateful, 
and  most  admiring  friendship.' 

Frofn  Sir  W.  B.  Hamilton  to  Aubrey  Db  Yere. 

<  Obssevatobt,  September  3,  1855, 
*  Monday  Night. 

'  So  you  wrote  those  lines  to  Bums's  Highland  Mart/,  which  I 

had  so  very  deeply  admired,  without  having  the  slightest  hope 

that  I  shoidd  ever  know  so  much  as  the  name  of  the  author ! 

Surely  they  were   not  printed  in  either  of  your  two  former 

volumes.    I  think  it  was  in  a  number  of  BlaekwoocCe  Magazine 

that  I  first  saw  them,  and  very  much  they  struck  me  ;  but  I  had 

not  the  least  suspicion  that  they  were  by  you.    Perhaps  such  lines 

as 

<*  Honour  to  Scotland  and  to  Boms  " 

ought  to  have  made  me  suspect  that  they  came  from  a  foreign 
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■ 

flooroe — ^foreign,  I  mean,  to  Sootland;  but  I  must  own  that  I 
always  attributed  the^poem  to  some  native  Sootchman.  I  congra- 
tulate you  most  heartily  upon  the  authorship  of  it.  To  anyone 
whatever  it  would,  in^my  opinion,  be  a  fit  subject  of  congratula- 
tion. .  .  . 

[Here  followed  critical  remarks  on  several  of  the  poems  con- 
tained in  a  volume  published  by  Aubrey  De  Yere  in  1855.] 

*I  must  once  more  congratulate  you,  not  merely  on  the 
poetical  skill,  but  also]  on  what  seems  to  me  the  perfect  taste  with 
which  you  have  expressed  your  new  views,  and  the  complete 
absence  of  bitterness,  so  far  as  I  have  yet  observed,  even  in 
manner.  The  change  seems  to  have  been  no  change  to  you 
(though  I  can  well  believe  your  statement  that  it  cost  you  a 
straggle).  The  old  poems  which  you  have  retained  appear  to  be 
quite  at  home  among  the  new  ones.  Yet  I  think  that,  if  you  look 
back  upon  that  volume  which  you  dedicated  to  me  (and  of  course 
you  could  not  have  properly  paid  me  the  same  compliment  again), 
you  will  understand  that  /  may  have  almost  entirely  sympathised 
with  you  then,  and  yet  be  separated  importantly  now;  as,  for 
instance,  with  regard  to  the  Blessed  Yirgin  Mary,  whom  certainly 
1  am  not  conscious  of  honouring  le%8  than  I  formerly  did,  but 
whom  you  now  honour  othei'icise, 

'  This  slight  comparing  of  notes  as  to  our  own  feelings  and 
your  poetry  is  not  designed  to  draw  on  any  discussion  of  dog- 
matic theology.  But  I  remain,  my  dear  Aubrey,  affectionately 
yours.' 

From  Aubrey  Db  Yerb  to  Sir  W-  R.  Hamilton. 

^DlKGLE,  September  7,  1865. 

^  It  is  a  very  great  pleasure  to  me  to  find  that  you  like  the 
poems  of  my  new  volume  which  you  have  had  time  to  read  as 
yet;  and  certainly,  considering  how  short  a  time  you  have  had 
the  book  in  your  hands,  you  seem  to  have  made  yourself  marvel- 
lously well  acquainted  with  its  contents,  as  well  as  to  have  read  it 
in  a  most  friendly  spirit.  It  is  curious  that  you  should  have 
chanced  to  see  the  poem  on  Highland  Mary,  It  was  written 
during  a  tour  I  made  in  Scotland  in  the  winter  of  1845.  A 
volume  of  Bums  was  the  companion  of  my  solitary  way.    Both 

I>2 
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for  him  and  for  the  Scotch  people,  with  their  singular  mixture  of 
imagination  and  warm  feeling,  with  their  robustness,  courage,  and 
perseverance,  I  felt  a  great,  though  by  no  means  unqualified, 
admiration.     I  wished  to  write  something  in  honour  of  the  bard 
and  of  his  country ;  and  it  struck  me  that,  by  making  ^'  Highland 
Mary"  the  centre  of  the  poem,  and,  as  it  were,  a  connecting  link 
running  through  it,  something  of  heart  might  find  its  way  into 
the  poem,  as  well  as  a  certain  degree  of  unity,  without  which  it 
woidd  ^'  drag  its  slow  length  along"  only  to  weary  the  reader.     It 
was  a  sort  of  farewell  tribute  to  a  land  in  which  I  had  met  kind- 
ness, and  from  which  I  had  received  many  impulses  of  thought 
and  feeling.    A  Farewell  to  Naples^  written  in  a  different  tone, 
you  will  find  in  the  same  volume.     It  is  probably  too  severe,  but 
ought  at  least  so  far  to  confirm  what  I  say  in  praise  of  Eome  and 
the  other  sanctuaries  of  Italy,  as  to  show  that  that  praise  comes 
from  one  who  does  not  fancy  perfection  in  every  city  which  is 
washed  by  the  Mediterranean,  and  professes  the  Eoman  Catholic 
faith.    By-the-way,  I  am  particularly  glad  to  find  that  you  like 
the  ^rit  in  which  I  have  touched  (at  the  end  of  my  volume)  on 
points  respecting  which  we  should  differ.     My  firm  conviction 
that  the  Church  to  which  years  of  thought  made  me  believe  it  my 
duty  to  make  my  submission  (to  join  a  Church  is  a  phrase  I  could 
never  use)  represents  the  authentic  and  permanent  form  of  Chris- 
tianity— nay,  that  she  alone  gives  to  the  bodies  which  have  de- 
parted from  her  whatever  of  clear,  firm,  and  orthodox  teaching 
they  retain — this  belief  ought  surely  to  produce  no  bitterness  of 
tone  in  the  expression  of  it.     To  leave  such  convictions  unexpressed 
would,  on  the  other  hand,  imply  little  regard  or  respect  for  others, 
or  else  very  little  faith  in  tt^th  as  the  great  gift  to  man,  through 
which  God  is  pleased  to  dispense  His  other  gifts.     It  is,  however, 
a  mere  absurdity  to  fancy  that,  by  expressing  such  convictions  in 
a  rude  or  bullying  tone,  we  can  convey  them  to  others,  or  that  we 
have  a  right  to  be  surprised  at  others  still  thinking  much  as  we 
once  thought.    We  have  neither  to  impose  our  sentence  as  ^judgCy 
nor  to  plead  in  the  spirit  of  an  advocate^  but  to  witness^  in  sim- 
plicity and  in  manly  humility,  to  whatever  of  truth  God  has  been 
pleased  to  impart  to  us,  and  then  let  that  witness  fare  as  it  may 
in  a  world  preoccupied  and  not  zealous  for  truthy  though  eager 
enough  for  knowledge. 
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*  To  oome  back,  however,  to  joar  remarks  on  my  poetry.  .  .  . 
Whenever  you  have  time  to  go  through  the  volume,  you  may  be 
sure  that  any  remarks  you  may  make  on  it  will  be  most  aooeptable 
and  useful  to  me,  and  that  whether  or  not  they  should  prove  as 
favourable  as  those  of  your  last  letter.  There  are  two  sets  of 
poems  on  which  I  should  especially  like  to  know  your  opinion. 
The  first  is  a  series  of  poems  on  Ireland,  printed  oonsecutively, 
and  beginning  with  some  sonnets  called  Colonization.  They  con- 
clude with  a  poem  called  The  Last  Irish  Confiscation^  which,  being 
cast  in  a  dramatic  form,  as  the  address  of  one  of  the  early  and  dis- 
possessed race  to  one  of  the  conquering  race,  reduced  in  their  turn, 
can  be  judged  on  purely  poetic  grounds,  and  with  or  without  the 
aid  of  political  sympathy.  The  note  at  the  end  of  the  volume  is 
necessary  to  explain  it.  The  second  class  is  the  series  of  love 
poems  called  Psyche.  One  of  them,  beginning,  ^'  Such  beauty  was 
not  bom  to  die,"  would,  I  think,  have  a  special  interest  for  you. 
My  poems  have  been  said,  even  by  indulgent  readers,  to  be  defi- 
cient in  passion.  If  so,  I  should  think  that  the  defect  exists  less 
in  those  two  series  than  elsewhere.  I  have  sent  on  your  remarks 
to  my  mother  and  sister,  who  will  be  much  interested  by  them.' 

From  Sir  W.  R.  Hamilton  to  Aubrey  Db  Verb. 

*  Obsebvatobt,  September  10,  1855. 

^ .  .  .  I  have  been  as  happy  in  my  own  marriage  as  I  expected, 
and  more  than  I  deserved  to  be.  My  three  loves  have  been  of  kinds 
entirely  different,  and  were  felt  aU  along  to  be  so.  I  do  not  think 
that  I  ever  confounded  the  three  feelings,  though  it  might  be 
tedious,  and  in  some  degree  impertinent,  or  presumptuous,  for  me 
to  pretend  to  analyse  them  now.  In  general  I  might  perhaps  be 
permitted  to  say,  to  you,  that  they  sometimes  suggest  themselves 
to  my  mind,  as  having  been  cliaracteristically  those  of  a  lover^  a 
brother y  and  a  husband:  selecting,  you  know,  what  has  been  emi- 
nent in  each  of  them. 

*  I  ought  to  be  packing  up  and  otherwise  preparing  for  Glas- 
gow; but  must  add  one  line  to  thank  you  for  having  pointed  out 
Psyche  to  my  notice.  I  had  feared  that  the  poem  was  a  long  alU^ 
gory  J  and  had  resolved  to  take  my  time  about  reading  it.  The 
thoughts  and  words  are  beautiful. 
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' .  .  .  Bat  as  for  me,  I  am  going  rather  for  amnBement  and  to 
see  people  than  to  do  anything  important  at  G-lasgow.  Still  I 
would  go  for  the  mere  purpose  of  being  there  on  Monday  next 
during  that  single  hour  when  the  airangements  respecting  the 
place  of  meeting  for  next  year  will  be  decided  on ;  in  order  that^ 
as  a  Dublin  man,  I  may  put  in  once  more  a  claim  for  a  visit  of 
the  Association  to  Dublin  in  1857.' 

< 

From  Aubrey  De  Yere  to  Sir  W.  B.  Hamilton. 

<  Momrr  Tbskchard,  Fotnss,  September  IS,  1866. 

[Beferring  to  a  letter  of  old  date  from  a  friend,  expressing 
admiration  of  Mr.  De  Yere's  character,  which  had  been  sent  to  him 
by  Sir  W.  R.  Hamilton.] 

'.  •  •  Tennyson's  new  yoliime,  Maud^  contains  these  linea 
describing  the  feelings  of  a  man,  when,  at  his  desire,  the  lady  of 
his  love,  with  whom  he  has  quarrelled,  gives  him  back  his 
presents : — 

'<  As  looks  a  father  on  the  things 
Of  his  dead  son,  I  looked  on  these." 

Such  are  the  feelings  with  which  we  are  apt  to  look  on  memorials 
of  early  praise  and  early  expectations.  There  are  doubtless,  how- 
ever, some  who  can  regard  the  mementos  of  their  youth  with  lees 
mingled  feelings :  those  persons  especially  of  whom  Wordsworth  says 
that  they  "  have  wrought  upon  the  plan  that  pleased  their  childish 
thought,"  and  whose  earliest  aspirations  have  brought  forth  sixty- 
fold  or  a  hundredfold.  The  chief  misfortune  of  my  life  I  regard  as 
having  been  the  absence  of  the  habit  of  Confession,  owing  to  my 
not  having  been  brought  up  as  a  Catholic — a  habit  which  I  regard 
as  necessary  in  an  equal  degree,  though  for  different  reasons,  for 
the  most  opposite  characters — the  weak  and  the  strong,  men  of 
genius  and  the  dull.  Without  it,  sterile  soils  are  cheated  of  the 
increase  possible  to  them,  and  rich  soils  abound  as  much  in  weeds 
as  flowers :  our  very  gifts  become  special  sources  of  temptation  and 
aberration;  and  we  are  left  to  learn,  by  the  experience  of  life, 
lessons  which  ought  to  have  been  the  foundation  of  a  manly  and 
Christian  life.  Here  is  a  little  bit  of  condensed  biography  on  my  part 
in  reply,  or  part  reply,  to  a  portion  of  your  letter ;  for  I  speak  from 
observation  and  experience,  not  theologically,  and  with  reference  to 
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the  human  aspects  of  the  question  only,  as  a  psyohologioal  problem, 
without  discussing  the  question  whether  or  not  a  Bite  of  Forgive* 
fiess  stands  to  post-baptismal  sin,  as  Baptism  stands  to  Original 
sin.  .  •  .  Yet  no  suffering  is  sent  in  yain.  All  trials  find  their 
place  in  that  great  scheme  of  Probation  which  is  the  Reality  of 
Liife  in  its  present  stage  .  .  .  and  all  that  we  have  thought,  and 
felt,  and  done,  lives  on  in  us  to  the  end  of  our  lives,  furnishing 
new  materials  for  a  probation  which  is  ever  changing  its  character 
in  the  successive  epochs  of  our  life.' 

From  Sir  W.  B.  Hamilton  to  Aubrey  Db  Ybrb. 

(  Obsbbvatort,  Oetobm'  19, 1855. 

'  I  found  that  it  at  times  agitated  me  to  a  degree  which  was 
imprudent  for  health,  of  body  and  of  mind,  to  write  as  I  was 
doiog  before  I  went  to  Glasgow,  on  subjects  that  are  still  so  verj 
vividly  remembered.  My  visit  was  an  useful  diversion  of  my 
thoughts  .  .  .' 

From  Aubrey  De  Ybrb  to  Sir  W.  B.  Hamilton. 

'Oeto5<r  20,  1855. 

'  •  .  .  I  hope  you  will  go  on  writing  sonnets,  so  as  to  make 
them  embody  a  large  proportion  of  your  views  and  feelings  on 
personal,  ethical,  and  philosophic  subjects;  but  I  have  a  stUl 
more  important  work*  for  you  which  you  must  execute  some 
day,  and  for  which  you  have  such  great  qualifications  .  .  .  Your 
visit  to  Glasgow  must  have  been  a  pleasant  one — and  particularly 
useful  at  the  time  it  took  place ;  for  there  is  always  an  agitating 
interest  in  a  review  of  the  critical  passages  of  one's  past  life,  as 
well  as  a  deep  moral  interest  that  allays  agitation.  .  .  . 

' .  .  .  There  is  something  very  touching  in  what  you  allude  to 
respecting  your  pilgrimage  to  the  house  in  which  you  had  first 
been  greeted  by  the  *^  beautiful  Yision."  But  surely  all  such 
Yisions  should  be  looked  on  as  Anticipations  and  Types  of  the 
Glory  and  Beauty  unrevealed,  rather  than  as  lights  which  have 
melted  away  into  the  sad  shadow-land  of  the  Fast.  There  are 
three  Worlds— those  of  Senee^  of  Faithj  and  of  Olory.  The 
first  is  in  some  measure  eclipsed,  or  passed  by,  for  a  Christian. 

*  Not  here  indicated,  but  see  if\fra  A.  De  Y.'s  letter  of  May  11, 1856. 
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The  last  is  not  yet  revealed :  but  all  the  shapes  on  Earth  that  are 
shapes  of  Beauty  and  Brightness  (flowers,  stars,  poetry,  and  what- 
ever belongs  to  the  Ideal)  seem  to  me  to  be  sparkles  or  flashes  shot 
down  through  the  dim  atmosphere  of  the  region  of  Faith  from 
the  region  of  Glory.  They  are  gleams  to  remind  us  of  a  higher 
world,  just  as  there  are  intimations  from  the  region  of  Faith  that 
transpierce  the  darkness  of  the  lower  region  of  Sense,  and  give 
a  vitality  even  to  paganism.  It  seems  to  me  of  the  essence  of 
these  things  that  they  should  be  but  gleams^  for  the  World  that 
unites  Brightness  and  Permanence  is  yet  to  come.' 

From  the  Same  to  the  Samb. 

'  MouiirT  TBXNCRkBJ>,  December  20,  1855. 

'...lam  sending  youacopy  of  a  poem  which  has,  over  and 
above  its  poetic  merits,  an  interest  for  us,  Irish  readers,  being  a  me- 
morial of  a  most  promising  young  Irishman,  the  late  Lord  Belfast. 
I  want  you  to  tell  me  also  how  you  like  it,  especially  the  singular 
effect  of  the  triple  rhymes  in  the  proem.  The  author*  has  pub- 
lished also  a  volume  of  poems,  many  of  which  are  very  beautiful.  . . . 

Talking  of  poetry  puts  me  in  mind  of  your  fair  friend  "  who 
Speranza  bight."  She  certainly  must  be  a  woman  of  real  poetio 
genius  to  have  written  anything  so  beautiful,  and  also  so  full  of 
power  and  grace  as  the  poemf  you  showed  me.  For  the  sake  botli 
of  poetry  and  old  Ireland  you  must  do  all  you  can  to  make  her  go 
on  writing,  and  publish  a  volume  soon.  Do  not  forget  to  tell  her 
that  you  showed  her  poem  to  a  stranger  (a  stranger  always  counts 
for  something)  who  has  been  addicted  to  poetry  all  his  life,  and  re- 
veres it  more  every  year,  and  that  he  felt  a  very  sincere  admiration 
for  it ;  although  in  the  matter  of  your  proposed  metrical  changes, 
he  had  the  impertinence  to  agree  with  you,^ 

From  Sir  W.  R.  Hamilton  to  Aubrey  De  Verb. 

*  November  14,  1855. 

*  I  do  not  feel  in  the  least  afraid,  for  myself,  of  reading  any- 
thing. I  have  read  atheistical  books,  infidel  books,  Socinian  books, 
Protestant  evangelical  books,  books  by  the  Archbishop  of  Dublin,^ 

*  Denis  Florence  MaoCarthy.     f  Shadowejrom  Life,     %  AjrchbiBhop  Whately. 
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Protestant  High-ohurch  books,  Bomanist  books;  and  remain  a 
moderate  member  of  (what  we  nsed  to  call)  the  Church  of  Eng- 
land :  more  nearly  perhaps  approaching  to  the  Archbishop's  school 
than  when  we  talked  most  about  such  matters  formerly,  though 
retaining  a  sincere  sympathy  and  reverence  for  some  whom  we 
ealled  Puseyites,  and  indeed  for  Dr.  Pusey  himself,  though  I  am 
more  canscioua  now  than  before  of  being  farther  removed  from 
Borne  than  he  is.  But  I  quite  distrust  my  own  power  of  expressing 
to  you,  with  so  much  of  personal  delicacy  as  you  have  used  towards 
me,  any  of  those  beliefs  of  mine  which  may,  or  rather  must,  be 
different  from  yours.  Indeed  we  should  not  meet  on  equal  terms: 
for  while  I  could  listen  to  ant/thing  from  you  (though  I  see  no  wte 
in  listening  to  it),  you  not  merely  might  be,  but  (I  should  almost 
say)  ought  to  be,  offended  if  I  were  to  express  at  all  fully  my 
views  of  the  Komish  Church.  Merely  in  my  calling  it  sitch^  you 
have  already  ground  for  a  very  pretty  quarrel !  though  I  think 
you  will  not  avail  yourself  of  it  this  time.' 

I  now  give  extracts  from  the  correspondence  with  Dr.  Nichol 
and  his  son,  commencing  with  a  letter  to  the  son : — 

li'Ofn  Sir  W.  R.  Hamilton  to  John  Nichol. 

'  On  board  the  '<  Arisl,"  September  26,  1855. 

' ...  It  will  gratify  me  much  if  you  shall  sometimes  send  me 
oopies  or  draughts  of  your  poems.  I  do  not  pretend  to  be  a  poet, 
or  in  any  important  sense  an  original  thinker  myself,  but  if  you 
knew  more  of  my  (very  unimportant)  private  history,  you  would 
be  better  able  to  understand  that,  without  giving  up  any  one 
of  my  own  convictions,  I  may  be  able  to  sympathise  with  young 
men  who  earnestly  think  for  themselves,  even  if  the  process  lead 
them  quite  up  or  down  to  the  point  of  Atheism,  to  which  it  does 
not  seem  to  have  led  you — and  from  which  I  recoiled. 

'  Allow  me  to  repeat,  in  writing,  what  I  half  said  in  a  recent 
conversation,  that,  much  as  I  love  and  honour  your  father,  my 
regard  for  you  has  a  distinct  and  independent  root;  and  that 
though  I  may  prove  a  very  bad  correspondent  to  you  (in  the  case 
of  Aubrey  De  Yere  there  was  a  whole  host  of  early  recollections  to 
be  called  into  play,  if  our  remembrance  of  each  other  in  later  times 
had  flagged),  any  letter  with  which  you  may  at  any  time  favour 
me  will  interest  me  for  its  own  sake. 
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'  I  trust  that  you  oannot  be  displeafled  by  my  adding  that  if 
Mifls  Niohol,  your  sister,  should  ever  favour  me  with  the  sight  of 
any  of  her  manuscripts,  the  kindness  will  be  appreciated,  and 
in  some  slight  degree  repaid  by  a  free  but  friendly  criticism. 

'  With  regards  to  Dr.  and  Mrs.  Nichol/  &c. 

A  memorandum,  bearing  date  the  same  month  as  the  above 
letter,  records  in  the  following  words  Hamilton's  modest  estimate 
of  his  poetical  faculty : — 

'  1855,  September. — I  am  just  enough  of  a  poet  myself  to  be 
enabled  thereby  to  sympathise  with  other  poets,  to  enjoy  habitually 
their  successes,  and  sometimes  to  be,  without  unkindness,  sensible 
to  their  faults,  or  short-comings,  better  than  without  some  such 
exertions  of  my  own  (in  the  department  of  poetical  composition) 
might  have  been  possible  for  me.' 

Urom  the  Sams  to  the  Same. 

<  Obseetatoht,  Dubuk,  September  29,  1855. 

*  My  son  Archibald  (the  younger  of  my  two  boys)  made  out, 
this  morning,  the  cipher  on  the  other  half  of  this  sheet,  without 
his  having  previously  the  slightest  notion  of  the  subject,  or  even  the 
language ;  but  I  had  previously  taught  him  my  key.  I  shall  per- 
haps ask  him,  after  a  day  or  two,  to  write  out  the  same  passage 
for  you  in  some  other  form,  consistent  with  the  same  keif  (not 
alphabet),  and,  like  the  present,  definitely  interpretable.  You 
would  be  astonished,  I  think,  and  even  your  father,  with  all  his 
knowledge  of  the  powers  of  numbers,  would  be  so,  if  I  were  to 
mention  in  hate  many  distinct  ways  the  satne  extract  from  your 
poetry  could  be  written  on  my  plan,  without  the  slightest  ambiguity 
of  interpretation !  A  recent  and  hasty  calculation  leads  to  the  con- 
clusion that  the  expression  of  the  number,  on  the  usual  decimal 
system,  would  require  230  figures.  And  even  my  own  initials 
could  be  written  in  more  than  300  millions  of  different  ways,  so 
that  my  son  (for  instance],  or  anyone  else  who  had  the  key — ^the 
plan — which  can  easily  be  carried  in  the  memory,  and  is  so  carried 
by  me,  would  decipher,  in  a  minute  (all  helps  being  ready),  any 
one  of  those  300  millions  of  distinct  monograms,  as  easily  as  any 
other  of  them,  to  signify  precisely  '*  W.  B.  H.",  and  nothing  else 
whatever ;  and  this  independently  of  any  arbitrary  punctuation, 
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or  introduotion  of  astronomical,  or  mathematioaly  or  Greek,  or 
Oerman,  or  Oriental  symbols,  such  as  might  at  pleasure  be  mingled 
with  the  characters  of  the  English  alphabet.' 

From  J.  P.  NicHOL,  ll,d.,  to  Sir  W.  R.  Hamilton. 

'  OBaxBYATORY  [Glasgow],  September  28,  1855. 

' .  .  .  My  letter  to  you  is,  as  you  will  find,  little  more  than  a  fond 
recalling  of  the  most  pleasant  week  you  spent  with  us.  I  assure- 
you  it  is  a  week  that  none  of  us  will  ever  forget.  You  taught 
us  far  more  than  your  cipher,  viz.  how  exquisite  and  lovable  is^ 
the  highest  genius.'.  .  . 

li^om  Sir  W.  R.  Hamilton  to  J.  P.  Nichol,  ll.d. 

*  Obsbrtatort,  DuBLnr,  October  1, 1855. 

*  The  cipher  on  the  other  side  seems  to  me  likely  to  be  found 
a  difficult  one  to  make  out,  so  long  as  the  kei/  is  not  given,  or  at 
least  the  plan  explained :  an  almost  xmlimitod  flexibility  as  to  the 
tniting  in  this  cipher,  combined  with  an  absolutely  rigorous  de^ 
finiteness  in  the  reading  of  it,  seem  to  me  to  be  the  chief  character- 
istics of  the  method ;....!  claim  to  be  able  to  teach  the  method 
to  any  sufficiently  intelligent  person  in  something  like  five  minutes : 
at  least  if  I  should  be  allowed  to  use  a  very  simple  machine  which 
I  have  invented  for  the  purpose  of  writing  and  reading  the  cipher, 
but  with  which  I  can  upon  occasion  dispense.  Th»  principle  cannot 
be  forgotten,  and  the  key  can  be  at  any  moment  reconstructed,  or 
the  machine  re-made,  with  ease.  ...  It  occurred  to  me  about  ten 
years  ago,  but  the  war  has  since  made  it  surge  up  into  my  thoughts 
again — for  it  might,  perhaps,  be  useful  on  some  occasion  of  a  secret 
despatch.  .  .  .' 

From  Sir  W.  R.  Hamilton  to  John  Nichol. 

*  Obse&tatort,  DuBLnr,  October  10  ,  1855. 

* .  .  .  When  you  know  me  better,  you  will  be  aware  that  I  am 
an  abominably  bad  correspondent,  except  now  and  then  by  fits- 
end  starts.  To  Aubrey  de  Yere  I  had  not  written  for  several 
years;  but,  within  two  or  three  recent  months,  he  and  I  have 
exchanged  letters,  which  would  make  (in  size)  a  respectiAle  little^ 
volume,  though  they  were  (and  are)  in  no  way  designed  for 


44  Life  of  Sir  William  Rowan  Hamilton.         [i860. 

pablioatioxiy  and  indeed  were  in  many  respects  confidential;  for 
we  wrote  much  to  each  other  about  the  days  of  long  ago,  being  at 
least  twenty-five  years  acquainted,  and  having,  from  some  droum- 
^tanoes  of  my  history,  become  intimate  almost  immediately  .  .  . 
You  and  he  are  pretty  nearly  antipodes  of  each  other,  in  many 
important  respects,  yet  I  can  most  sincerely  sympathise  with  each 
of  you — each  being  earnest  and  sincere,  and  also  cultivated  and 
poetical.  That  neither  is  specially  scientific  may  (who  knows  P) 
be  another  attraction;  though,  that  I  can  honestly  enjoy  the  fame 
of  a  scientific  brother — ^if  this  last  word  may  without  presumption 
be  used  by  me — ^will  be  seen,  if  I  shall  ever  transcribe  my  sonnet  to 
the  deceased  Fourier  (author  of  the  mathematical  Theory  of 
Heat,  &c.),  or  one  of  those  to  the  living  Herschel.  Still,  the  two 
names  they  mentioned  are  of  men  who  have  been  much  more  than 
mathematical  calculators :  and  your  father  has  such  a  vast  variety 
of  cultivation,  that  one  may  be  pardoned  for  sometimes  forgetting 
that  he  is  by  profession  (and  of  course  in  reality)  a  man  of  science. 
Professor  De  Morgan,  of  London,  is  again  a  person  excessively  un- 
like to  all  of  you ;  yet  he  and  I  have  exchanged  a  great  number 
•of  pleasant  letters,  partly  no  doubt  on  mathematics,  but  we  are 
not  afraid  to  write  nonsense  to  each  other ;  at  least  I  send  him 
nonsense  at  times,  and  he  sends  me  back  wit  in  return,  rising 
•occasionally  to  humour.  I  wonder  whether  I  shall  ever  venture 
to  show  you  (if  I  can  lay  my  hand  upon  it)  that  letter  from  Mrs. 
Flamsteed  to  the  late  Francis  Baily,  which  De  Morgan  professed 
to  find  among  the  papers  of  the  latter!  Flamsteed,  you  know,  was 
the  first  Astronomer  Eoyal  at  Ghreenwich,  and  a  quarrel  between 
him  and  Newton  has  even  recently  become  matter  of  discussion. 
Baily  died  only  a  few  years  ago,  but  he  had  taken  Flamsteed's 
part  in  the  controversy.  Mrs.  Flamsteed  writing  (if  I  remember) 
from  3,  Paradise  Kow  (or  perhaps  it  was,  from  3,  Astronomer's 
Bow,  Paradise),  tells  BaUy  that  her  good  man  is  just  gone  out  to 
take  a  social  stroll  with  Sir  Isaac,  with  whom  he  has  become  quite 
reconciled ;  but  that,  as  to  that  scoundrel,  Halley,  who  had  oome 
between  them,  it  is  lucky  for  him  that  he  had  not  come  up  there, 
for  her  husband  would  have  beaten  him  within  an  inch  of  his  life ! 
(after  all,  Halley,  whose  name  has  been  given  to  a  comet,  was  in 
many  respects  a  fine  fellow.)  I  never  write  in  that  style  myself, 
but  certainly  I  enjoyed  De  Morgan's  report  of  that  celestial- 
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infernal  letter — though  I  did  not  show  it  to  my  wife,  who  would 
(or  at  least  might — I  was  not  sure)  have  said  it  was  profane.  Still 
she  has  been  much  amused  with  many  of  De  Morgan's  letters,  and 
I  think  would  welcome  him  here* 

*If  there  be  any  logic  at  all  in  this  gossip  about  my  correspon- 
dents, or  some  of  them,  it  tends  to  show  that  I  shall  be  pleased  to 
receive  at  any  time  a  letter  from  you,  whom  it  is  scarcely  praise^ 
and  certainly  not  flattery,  to  say  that  I  regard  as  a  remarkable 
young  man.  Had  I  only  met  you  in  a  steam-boat  on  one  of  those- 
extemporised  committees  about  poetry,  I  persuade  myself  that  I 
should  have  long  remembered  you.  As  it  is,  with  all  the  associa- 
tions of  your  father's  fame,  and  recollections  of  my  reception  at  his- 
Yery  pleasant  home,  I  feel  certain  that  I  shall  never  forget  you»^ 
Yet  I  am  aware  that  it  is  too  late  for  me  to  hope  ever  to  enjoy 
with  you  that  hind  of  friendship,  which  mighty  nay  (I  am  sure) 
wouldy  have  resulted  if  it  had  been  possible  and  permitted  for  us  ta 
meet  as  two  young  men.  On  that  subject,  I  think  that  I  must 
extract  for  you  a  passage  from  one  of  my  friend  Aubrey's  letters. 
Meanwhile,  you  will  just  write  to  me  as  seldom,  or  as  often,  as  you 
shall  feel  inclined ;  and  will  remember  me  with  patience  and  good 
humour,  even  if  I  shall  leave  some  interesting  letter  of  yours  for 
months,  or  years,  unanswered,  though  I  think  that  I  shan't  be 
quite  so  bad  as  all  that ;  but  I  do  take  fits  on  me,  at  times,  of  soli* 
tary  study,  during  which  I  cannot  bear  to  write  a  letter,  and  then 
I  grow  ashamed  to  write  at  all.  .  .  . 

*  About  my  cipher  (only  one  of  my  boys  as  yet  knows  it — a 
cipher  and  a  mystery  seem  to  be  congenial)  you  really  deserve 
credit  for  your  guesses.  You  are,  what  in  some  chUdish  game  is 
called  "  hot" — close  on  the  scent ;  but  have  not  quite  caught  the 
hare  as  yet.  You  deserve  that  I  should  enclose  the  translation — I 
do  not  say  the  key.  In  finding  out  the  latter,  I  enjoy  the  thought 
of  your  having  some  trouble  still !' 

From  Sir  W.  B.  Hamilton  to  J.  P.  Nichol,  ll.d. 

*  Obsebvatobt,  Dttblin,  October  17,  1855. 

^  I  don't  know  what  puts  it  into  my  head,  but  I  am  in  a  mood 
to  remember,  and  write  down  for  you,  the  latter  part  of  a  sonnet 

*  See  Professor  De  Morgan's  Budget  of  Faradaxes,  p.  188. 
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which  I  oomposed  by  starlight  about  seven  years  ago,  in  the  high 
{gallery  of  the  great  telescope  at  Parsonstown.*  The  former  part 
of  that  sonnet  has  happily  escaped  my  recollection^  but  I  know 
that  it  was  execrable.  Certainly  I  did  not  intend  to  flatter  Lord 
Roese,  to  whom  I  had  the  honour  of  being  introduced  by  his  father 
-a  great  many  years  before ;  but  there  was  something  of  compli- 
ment, or  at  least  of  politeness,  in  my  mood,  at  first,  which  ought 
not  to  be,  or  rather  cannot  be,  the  inspiring  spirit  of  any  true  and 
genuine  poetry.  Yet  I  own  that  I  rather  like,  on  recollection,  the 
last  six  lines,  expressive  of  an  astronomical  enthusiasm,  including 
also  a  feeling  for  natural  beauty,  into  which  my  tone  gradually 
-deepened,  and  in  which  I  know  that  you  can  sympathise.  I  re- 
member that  I  was  standing  alone  at  midnight,  on  a  sort  of  little 
bridge  somewhat  like  sixty  feet  above  the  ground,  while  Airy, 
with  Lord  Bosse,  was  seeing,  at  a  lower  altitude,  some  newly-dis- 
oovered  spiral  nebula.' 

*  Pursuing  still  his  old  Homerio  march, 
Northward  beneath  the  Pole  slow  wheeled  the  Bear : 
Rose  over  head  the  great  Galactic  Arch  ; 
Eastward  the  Pleiads,  with  their  tangled  hair : 
Gleamed  to  the  west,  far  seen,  the  lake  below, 
And  through  the  trees  was  heard  the  river's  flow.' 


Froni  the  Same  to  the  Same. 

[from  a  copy.] 

*  Obsebyatort,  Dublin,  October  31,  1855. 
'All  JBallowa'  Eve. 

* .  .  .1  really  must  write  again  to  Agnes  [Nichol]  to  tell  her  a 
little  more  about  the  budding  '*  authorship "  of  my  Helen.  It 
takes  me  quite  by  surprise,  though  it  may  never  ripen  to  anything 
important  for  the  world.  She  poured  upon  me,  a  few  days  ago, 
quite  a  stream  of  questions  about  your  daughter:  what  sort  of 
authorship  she  was  engaged  upon,  and  soforth ;  but  all  that  may 
better  be  told  to  your  Agnes  herself.  I  assure  you  that  a  thought 
•of  my  daughter's  about  the  Sea  and  its  "  Despair/'  which  (with 

•  Vol.  ii.,  p.  620. 
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glowing  cheek  pressed  to  my  own)  she  oonfeased  to  me  last  night, 
appeared  to  me  to  be  perfectly  original !  It  was  at  least  entirely 
new  to  m€  ;  and  yet  it  seemed  so  deep,  hut  true,  that  if  I  had  ever 
met  with  it  in  reading,  I  could  not  have  forgotten  it.' 

In  a  later  letter  to  Dr.  Niohol,  referring  to  this  idea  of  his 
daughter's,  he  writes — '  I  know  that  there  is  a  Latin  motto  '^  Co- 
nantia  frangere  frango":  but  still  the  thought  of  the  sea's  despair 
seemed  to  me  new.' 

JFV-OW  J.  P.  NiCHOL,  LL.D.,  to  SiR  W.  E.  HAMILTON. 

<  Obsebyatort,  Glasgow,  November  6, 1855. 

'  Would  that  I  could  adequately  tell  you  how  much  I  value 
your  confidences,  and  how  gladly  I  welcome— even  at  this  com- 
paratively late  date  in  life — ^the  approaches  of  a  new  friendship — 
to  say  nothing  of  such  a  friendship  as  yours !     I  have  outlived 
much,  far  more  than  I  can  estimate  in  value  of  any  kind ;  and  it 
is  something  to  find,  when  one  is  growing  almost  weary,  and  in« 
dined  to  think  oftenest  of  the  future,  and  a  final  rest,  that  new 
companions  may  still  be  found  to  take  place  on  benches  that  have 
been  vacated,  and  wilUng  to  pull  with  one  at  the  oar.     But  this 
is  only  the  selfish  view  of  the  case.     I  look  with  still  profounder 
interest  on  the  events  of  which  you  have  so  kindly  told  me,  because 
I  would  fain  learn  what  those  things  are  that  have  torn,  tried,  and 
educated  a  mind  like  yours.     Is  it  not  possible  that  when  summer 
returns  I  may  induce  you  to  cross  over  to  us  again,  and  that  we 
two  shall  talk  of  such  things  and  much  else,  during  a  ramble 
through  £annock  Moor,   or  by  the  margin  of  vast  and  soli- 
tary Loch  AweP     It  is  in  such  places,  I  always  think,  that  it 
is  best  for  the  mind  to  look  into  its  own  depths,  and  to  hear  of 
the  sorrows  and  triumphs  of  another.     Do  keep  this  in  memory* 
I  shall  do  my  best  to  induce  Lady  Hamilton  to  spare  you  for 
awhile  then. 

*  I  never  heard  of  your  daughter's  rare  idea,  the  "  Despair  of 
the  Sea,"  but  how  many  images  it  brings  up.  Tell  her  from  me 
that  she  has  added  a  new  note  to  that  grand  music — a  music 
which  generally  gives  me  a  deeper  sense  of  infinitude  than  even 
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the  midnight  deeps.  Depend  on  it  that  the  mind  which  could 
suggest  or  find  that  eonoeption  will  find  many  more  rare  ones. 
Agnes  sits  opposite  me  just  now,  writing  a  chapter  of  Hermione. 
We  are  alone  together  in  the  green  room.  It  is  veiy  late,  and  the 
docks  seem  to  tick  loudly.  .  .  . 

^  Mrs.  Nichol — who  has  heen  a  guardian  angel  to  Agnes — is 
not  quite  well  to-night,  and  has  retired.  But  you  are  sure  that 
her  affection  and  respect  always  extend  to  you.' 

H'otn  Sir  W.  E.  Hamilton  to  John  Nichol. 

'Ob8£KTATobt,  Dubldt,  Nov.  12, 1866. 

*.  .  .  Any  criticism  on  the  "  Maud  "  will  interest  me  much,  hut 
especially  any  notes  on  that  poem  by  one  whom  I  do  so  strongly 
associate  with  it  as  I  do  yourself.  Will  you  believe  that  it  is  only 
within  the  last  few  days  I  have  read  the  poem  here !  or  indeed 
properly  speaking  anywhere ;  but  within  those  days  I  have  read  it 
several  times ;  and  think  that  it  was  not  indolence  which  prevented 
me  from  procuring  and  reading  it  sooner,  but  rather  the  wish  not 
soon  to  disturb  the  associations  with  my  having  heard  you  read  it 
(or  most  of  it)  at  your  father's  Observatory.  Perhaps  I  might 
have  reposed  on  that  recollection  for  some  weeks  longer,  if  it  had 
not  been  for  the  shock  received  on  Monday  last  (November  5th) 
by  the  perusal  of  a  clever  but  uncandid  article  on  Tennyson's 
poetry  in  general,  which  appeared  in  the  first  number  (for  Novem- 
ber 3rd)  of  a  new  London  publication,  the  Saturday  Review^  a 
specimen  whereof  was  sent  to  me.  I  had  recently  been  reading^ 
throughy  and  more  than  once,  the  "In  Memoriam":  you  conceive, 
from  the  connexion,  that  I  do  not  speak  here  of  your  lines  so  en- 
titled, though  I  have  lately  perused  them  also  with  much  interest, 
but  of  Tennyson's,  whose  Princess^  and  several  shorter  poems,  I 
had  also  not  long  since  read  again.  Consequently,  I  was  the  more 
prepared  to  form  my  own  opinion,  as  I  went  along,  about  the 
justice  and  candour  of  the  reviewer's  criticLBms  ;  and  if  you  wish 
to  lash  yourself  up  to  some  degree  of  indignation,  I  recommend 
you  to  expend  sixpence  on  procuring  the  article  ....  One  artifice 
of  the  critic  is  to  treat  Tennyson  as  speaking  in  his  cum  person 
throughout — for  instance,  in  Locksley  Hall^  and  Maud:  as  if  Shake- 
speare were  to  be  identified  with  lago  I  .  .  .' 
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Fi'oni  the  Samb  to  the  Same. 

<  Obseetatort,  DuBLiKy  November  24,  1855. 

* ...  I  am  glad  that  you  liked  the  sonnet  to  Fourier.  Fourier 
was  (as  your  father  will  tell  you)  a  true  poet  in  Mathematics,  and 
in  the  applications  of  mathematical  science  to  nature  (especially  to 
the  theory  of  heat).  So  was  (though  not  Laplace)  Lagrange,  to 
whose  memory  I  consider  myself  as  having  inscribed  those  essays 
on  a  general  method  in  dynamics,  for  which  I  received  long  ago  a 
diploma,  with  an  enormous  double  eagle  engraved,  and  the  names 
of  Nicholas  and  of  Hamilton  stretching  about  equally  across  the 
sheet,  from  the  Imperial  Academy  of  Sciences  at  St.  Fetersburgh, 
which  body  has  sent  me  a  large  packet  during  the  war.  There  is 
something  inspiring  and  consoling  to  humanity  in  the  friendly 
and  appreciating  hand  thus  stretched  through  battle  across 
Europe!  I  astounded  a  Viceregal  party  by  telling  them  that 
I  had  just  received  despatches  from  St.  Fetersburgh,  and  high 
people  spoke,  half  seriously,  of  arresting  me;  but  I  appealed  to 
Lord  Carlisle,  who  was  so  polite  as  to  take  charge  of,  and  after- 
wards return,  a  specimen  of  my  Bussian  bulletins.  When  we  next 
met,  the  Lord  Lieutenant  asked  me  whether  I  had  since  been  en- 
gaged in  an  animated  correspondence  with  St  Fetersburgh  P  '^No, 
my  Lord,''  I  replied,  ^'  my  last  despatches  have  been  from  Bome.'' 
"And  your  next,"  said  His  Excellency,  "will  be,  I  suppose,  from 
China.*'  I  bowed,  and  had  the  grace  not  to  answer,  that  "I  should 
not  be  excessively  surprised !  "  America  noticed  me  very  early. 

*  Egotistical  all  this,  is  it  not  P  To  be  sure  it  is ;  and  do  t/ou,  in 
revenge,  make  your  reply  as  egotistical  as  you  can  find  it  in  your 
heart  to  do.  You  will  write  to  a  safe  and  not  an  inquisitive  person, 
who  likes  to  know  something  of  the  inner  history  of  any  one  whom 
he  thinks  of  with  regard,  but  is  quite  satisfied  with  the  suppression 
of  names.  .  .  .    Affectionately  yours.' 


H'om  the  Same  to  the  Samb. 

*  Obsbbyatobt,  Ntwetnber  26,  1865. 

*  I  hoped  to  write  more  fully  on  the  logical  question,  but  have 
only  been  able  to  give  it  a  comer  of  my  thoughts.  The  spirit  of  a 
remark  made  at  the  end  of  a  recent  note  is  that  we  can't  go  on 

YOL.  UI.  E 
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proving  for  eyer ;  we  must,  it  seems,  assume  some  principles ;  and 
indeed  in  each  single  syllogism  the  premises  of  that  syllogism  are 
given,  not  proved.  It  is  not  bt/  syllogism,  but  by  insight  and 
sagacity,  that  the  general  rules  of  syllogism  itself  have  been  estab- 
lished; though  I  am  not  prepared  to  deny  that  any  argument 
whatever  may  be  staled  in  the  syllogistic  form.  That  "  domino  " 
can,  I  suppose,  in  the  masquerade  of  thought,  be  slipped  over  any 
one  of  the  intellectual  characters  which  figure  at  the  ball ;  whether 
usefully  or  not  is  a  diflEerent  question.  Whenever  we  reason^  we 
are  conscious  that  we  generalise;  some  principle  or  a^-sumption  (the 
major)  is,  or  at  least  mat  be  extricated,  as  we  feel  sure,  from  the 
perhaps  individual  instance  which  we  have  first  in  view :  we  regard 
that  case  (if  it  be  one)  as  a  mere  illustration  or  exemplification,  of 
a  principle:  and  then  comes  in  the  «n6-sumption  (the  minor), 
whereby  we  apply  what  had  been  formerly  generalised,  and  so 
arrive  at  a  conclusion.  But  it  does  not  seem  to  me  natural^  even  for 
a  long-trained  thinker,  to  throw  arguments  into  the  Aristotelian 
form ;  which  yet  I  would  advise  you  to  study  very  diligently,  as 
I  once  did  myself.  My  first  science  honour  in  Dublin  was  won  in 
logic. 

*I  have  just  now  noticed  in  that  wonderful  Almagest  of 
Ptolemy— the  world's  astronomical  Bible  for  almost  2000  years — 
the  word  tjvWoyia^o^,  applied  to  mathematical  calculation.  Hobbes, 
as  perhaps  you  are  aware,  regarded  all  reasoning  as  a  calculation. 
But  I  must  have  forgotten  a  whole  Library  I ' 
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CHAPTER  XU. 

VISIT  TO  CHBLTBNHAM.  lOOSIAN  CALCULUS.  COBBBSPOKBENCE 
WITH  AUBREY  DB  VBBB.  LBTTERS  ON  MATHEMATICAL 
SUBJECTS. 

(l856.) 

DuBiNG  the  first  half  of  1856  Lady  Hamilton  was  seriously 
indisposed  with  illness  of  a  nervous  oharaoter,  similar  to  that  by 
which  she  was  affected  in  1840-41,  and  letters  of  her  husband 
prove  not  only  his  natural  anxiety  on  the  subject,  but  his  affec- 
tionate devotion  to  her  of  personal  care  and  detailed  consideration. 
He  encouurages  her  pastor,  Dr.  Sadleir  of  Castleknock,  to  enter  into 
religious  conversation  with  her,  urging  with  truth  and  wisdom,  *  I 
have  known  even  the  body  benefited  by  a  courageous  reference  to 
things  of  a  higher  life' :  he  mentions  incidentally,  'I  have  been 
walking  nearly  the  whole  of  this  morning  with  Lady  Hamilton  in 
the  garden':  and  he  remains  in  doubt  till  the  very  last  day, 
whether  he  shall  allow  himself  the  anticipated  pleasure  of  at- 
tending the  Meeting  of  the  British  Association  and  being  a  guest 
of  his  old  friend  John  Graves  at  Cheltenham,  telling  his  ex- 
pectant host  (August  8)  that  'Lady  Hamilton  has  been  really  very 
ill  for  a  good  while  past.  She  has  often  parted  with  me  before, 
but  for  the  last  six  months  or  nearly  so,  I  have  been  a  sort  of 
nune  to  her,  and  it  is  a  great  effort  to  her  to  part  with  me,  at 
present,  even  for  a  few  days.'  This  illness  of  Lady  Hamilton,  and 
the  confinement  to  which  it  doomed  himself,  had  undoubtedly  an 
injurious  effect  upon  Hamilton's  own  health  and  spirits.  There 
are  indications  of  this  in  his  journals  and  letters,  prompting  in  the 
mind  of  the  reader  uneasiness  and  expectation  of  some  break-down  > 
Happily  he  was  able  at  the  last  moment,  on  the  10  th  of  August, 
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to  obtain  a  release  from  Lome  duties,  and  arrive  at  Cheltenham 
before  the  olose  of  the  Meeting.  He  was  thus  enabled  to  gratify 
his  desire  publiclj  to  manifest  his  feeling  towards  Dr.  Lloyd  by 
seconding  Whewell's  proposal  that  at  the  succeeding  Meeting  of 
the  Association  in  Dublin  his  old  friend  should  have  the  honour  of 
being  its  President. 

Mr.  Ghrove,  the  eminent  author  of  The  Correlation  of  Physical 
Forces^  was  his  fellow-guest  in  the  house  of  his  friend;  and  familiar 
intercourse  with  these  brothers  in  science,  and  more  cursory  meet- 
ings with  other  distinguished  men,  had  the  happiest  effect  upon  his 
spirits,  affording  him  the  enjoyment  and  stimulus  of  intellectual 
companionship;  but  the  physical  effects  of  the  disadvantageous 
circumstances  I  have  referred  to  were  not  to  be  escaped  from,  and 
showed  themselves  in  a  severe  fit  of  gout,  by  which  he  was  ren- 
dered unable  to  walk,  and  obliged  to  remain  for  a  fortnight  longer 
than  he  had  intended  a  recipient  of  his  friend's  hospitality.  By 
both  host  and  guest  this  was  considered  to  be  the  reverse  of  a 
penalty.  Letters  given  below  show  how  he  feasted  upon  the 
contents  of  the  rich  scientific  library  of  Mr.  Graves,  and,  as  in 
earlier  times,  received  from  his  friend  intelligent  sympathy  in 
his  most  recent  researches,  and  hints  for  prosecuting  them  iu 
new  directions. 

Very  soon  after  his  return  home  he  forwarded  to  Mr.  Gh*aveB 
two  valuable  scientific  Papers:  the  first  a  criticism  on  Scheffler's 
book,  Der  Situations  Kalkul  (a  work  on  the  Geometry  of  Space),  in 
which  the  author  arrives,  after  long  discussion,  at  a  conclusion 
which  in  1832  had  been  rejected  by  Hamilton  as  insufficient  founda- 
tion for  the  required  calculus ;  the  second,  an  extension  by  means 
of  quaternions  of  some  propositions  laid  down  by  Oauss  in  his 
Diaquisitiones  Arithmetieae*  Their  general  nature  is  set  forth  in 
letters  to  Mr.  Ghraves,  which  are,  however,  too  mathematical  for 
insertion  in  this  volume:  the  papers  themselves  will  probably 
appear  in  an  early  number  of  Hermathena. 

In  the  following  month  of  October — the  happy  birth-month  of 
both  Conical  Befraction  and  Qruatemions — Hamilton  imparts  to 
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the  same  friend  his  disooveiy  of  a  new  Caloulus,  to  which  he  gave 
the  name  of  Eioosian  (afterwards  changed  to  loosian),  because 
speciallj  exemplified  in  the  case  of  the  Icosahedron,  though 
applicable  to  other  polyhedra.  This  oflFspring  of  his  genius  was 
not  indeed  of  equal  note  with  those  which  have  been  named,  but  it 
IB  not  unworthy  of  its  parentage.  Professor  Tait  says  of  it — 
<  Hamilton  has  published  but  a  page  or  two  with  reference  to 
them  [the  systems  embraced  by  this  discovery],  yet  that  little  is 
enough  to  show  the  probability  of  their  becoming,  at  some  future 
time,  of  great  importance  in  the  study  of  crystals  and  polyhedra 
in  general.'  It  was  Mr.  Graves  who,  during  Hamilton's  visit  to 
Cheltenham,  had  re-excited  in  him  an  interest,  long  dormant, 
in  the  mathematical  properties  of  these  solids,  and  to  Mr.  Oraves 
accordingly  Hamilton  first  made  known  his  discovery,  in  letters 
dated  October  7  and  October  17,  of  which  the  latter  extended  to 
fifty  pages.  A  summaiy  view  of  it  was  communicated  by  him, 
under  date  October  29,  to  the  Philosophical  Magazine  iov  December, 
1856,  with  the  title  Memorandum  respecting  a  New  System  of  Roots  of 
Unity ^  and  a  fuller  statement  of  the  discovery  was  made  by  him  to 
the  Boyal  Irish  Academy  on  the  10th  of  November,  and  is  re- 
ported  in  the  Proceedings.  From  these  communications  I  extract 
the  following  passages,  which  will  give  the  reader  a  general  idea 
of  the  Calculus : — 

'  I  have  lately  been  led  to  the  conception  of  a  new  system,  or 
rather  family  of  systems^  of  non-commutative  roots  of  unity y  which 
are  entirely  distinct  from  the  i,  y,  A;,  of  the  quaternions,  though 
having  some  general  analogy  thereto;  and  which  admit,  even  more 
easily  than  the  quaternion  symbols  do,  of  geometrical  inteipretation. 
In  the  system  which  seems  at  present  to  be  the  most  interesting 
one  [that  dealing  with  the  icosahedron  and  the  dodecahedron] 
among  those  included  in  this  new  family,  I  assume  three  symbols, 
f,  K,  A,  such  that 

£»  -  1,  ic'  =  1,  X»  =  1,  A  «  IK ;  (a) 

where  ik  must  be  distinguished  from  ki,  since  otherwise  we  should 
have  A*  =  1,A  =  1.    Asa  very  simple  specimen  of  the  symbolical 
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oonolusioiis  deduoed  from  theoe  fundamental  assumptions^  I  may 
mention  that  if  we  make 


/u  =  oe'  "  AiX, 

we  shall  have  also 

M*  "=  i»   ^  =  A«*M ; 

SO  that  ft  is  a  new  fifth  root  of  unitj,  oonneoted  with  the  former 
fifth  root  X  by  relations  of  perfect  reciprocity.  A  long  train  of 
such  symbolical  deductions  is  found  to  follow ;  and  every  one  of 
the  results  may  be  interpreted  as  having  reference  to  the  passage 
from /<!(?«  to  face  (or  from  comer  to  corner)  of  the  icosahedron  (or  of 
the  dodecahedron) ;  on  which  account  I  am  at  present  disposed  to 
give  the  name  of  the  **  Icosian  Calculus  "  to  this  new  system  of 
symbols,  and  of  rules  for  their  operation.' — Philosophical  Magazine. 
*  This  Calculus  agrees  with  that  of  the  Quaternions  in  three 
importcmt  respects — ^namely,  1st,  that  its  chief  symbols,  i,  jc,  X,  are 
roots  of  unity  ^  as  t,y,  A;,  are  certain  fourth  roots  thereof;  2nd,  that 
these  new  roots  obey  the  associative  law  of  multiplication;  and, 
3rd,  that  they  are  not  subject  to  the  commutative  law,  or  that  their 
places  as  factors  must  not  in  general  be  altered  in  a  product.  And 
it  differs  from  the  Quaternion  Calculus — 1st,  by  involving  roots 
with  different  exponents;  and,  2ndly,  by  not  requiring  (so 
far  as  yet  appears)  the  distributive  property  of  multiplication. 
In  fact  +  and  -,  in  these  new  calculations,  enter  only  as  connect- 
ing exponentSy  and  not  as  connecting  terms:  indeed,  no  terms, 
or,  in  other  words,  no  polynomes,  nor  even  binomes,  have  hitherto 
presented  themselves  in  these  late  researches  of  the  author.  As 
regards  the  exponents  of  the  new  roots,  it  may  be  mentioned  that  in 
the  principal  system — for  the  new  Calculus  involves  a  family  of 
systems — there  are  adopted  the  equations, 


I 


%  _ 


=  K*  =  XS    X  «  £ic ;  (a) 


so  that  we  deal  in  it  with  a  new  square  root,  cube  root,  and  fifth 
root  J  of  positive  unity ;  the  latter  root  being  the  product  of  the 
two  f ormer^  when  taken  in  an  order  assigned,  but  not  in  the  oppo- 
site order.  From  these  simple  assumptions  (a),  a  long  train  of 
consistent  calculations  opens  itself  out,  for  every  result  of  which 
there  is  found  a  corresponding  geometrical  interpretation,  in  the 
theory  of  two  of  the  celebrated  solids  of  antiquity,  alluded  to  with 
interest  by  Plato  in  the  Timosus — namely,  the  Icosahedron  and 
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the  Dodecahedron ;  whereof  the  angleB  may  now  be  unequaL  By 
making  A^  «  1  the  author  obtains  other  symbolioal  results,  which 
are  interpreted  by  the  Octahedron  and  the  Hexahedron.  The 
Pyramid  is,  in  thU  theory,  ahnost  too  simple  to  be  interesting, 
but  it  is  dealt  with  by  the  assumption  A'  •-  1,  the  other  equations 
(a)  being  untouched.  .  .  .* — Proceedings  of  B.  I.  A. 

The  inyestigation  by  this  calculus  of  the  properties  of  the 
loosahedron  led  Hamilton  to  devise  a  mathematical  game,  which 
he  called  the  Icosian  Game.  A  diagram  was  formed  by  the  pro- 
jection of  this  exemplar  solid  upon  a  flat  surface  :  and  the  passing 
continuously  by  the  connecting  lines  from  one  comer  in  this  dia- 
gram to  another  became  in  the  hands  of  the  designer  a  suggester 
of  possible  sequences,  cyclical  and  non*cyclical,  which,  amounting 
in  number  to  62,400  (33,600  being  cyclical),  were  included  in  520 
f ormulsB,  all  by  him  set  forth  in  tabular  form.  The  game  founded 
upon  the  basis  of  this  idea  was  to  be  played  upon  a  board,  on 
which  the  figure  was  cut  in  grooved  lines  with  holes  at  the  comers. 
In  these  holes,  marked  by  the  twenty  consonants  of  the  alphabet, 
were  to  be  inserted  consecutively,  according  to  named  conditions, 
movable  pieces  numbered  from  1  to  20.  The  practical  objection 
to  this  game  was  that,  while  some  of  the  problems  which  might  be 
set  to  the  player  required  for  their  solution  considerable  thought 
and  ingenuity,  the  majority  were  too  easy  to  be  interesting.*  He 
corresponded  at  great  length  on  the  subject  with  Mr.  Graves,  by 
whom  he  was  put  in  the  way  of  selling  the  copyright  of  the  game 
to  Mr.  Jaques  of  Piccadilly,  who  paid  for  it  the  sum  of  £25,  the 
only  pecuniary  reward  ever  accruing  to  Hamilton  directly  from 
any  discovery  or  publication  of  his.  It  is  to  be  feared  that 
Mr.  Jaques  did  not  find  the  bargain  to  be  a  profitable  one. 

The  calculus  itself,  and  the  problems  of  the  Icosian  Game, 


*  In  a  note  to  Dr.  Luby,  F.T.C.D.,  dated  July  6,  I860,  Hamilton  writes^ 
<  I  cannot  resist  the  temptation  of  telling  you  that  you  and  Dr.  Hart  did  fiot 
solve  my  little  problem  of  the  Icosian  Board  yesterday,'  and  adds,  that  having 
had  the  intention  of  presenting  a  copy  of  his  Board  to  the  Common  Room  of  the 
Coll^;e,  he  was  diBOOuraged  by  its  reputation  of  being  too  easy. 
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afforded  scope  to  their  author  for  an  amount  of  labour  well-nigh 
exhaustive  in  its  extent,  whioh  fills  many  thiok  manusoript-books, 
and  is  calculated  to  excite  a  feeling  of  wonder  in  all  who  are 
capable  of  estimating  it.  The  letters  to  Mr.  Qraves  forming  the 
original  oonmiunication  ought,  perhaps,  to  see  the  light,  particularly 
as  the  writer  was  prevented  by  the  preparation  of  his  Elements  of 
Quaierniona  from  fulfilling  his  expressed  intention  of  sending  to 
the  PhiloBophical  Magazine  further  oonmiunications  on  the  subject. 
Professor  Tait  concludes  his  notice  of  the  Icosian  Calculus 
and  the  Icosian  Qame  by  the  comment — '  the  analysis  employed, 
though  very  simple,  is  more  startingly  novel  than  even  that  of  the 
quaternions.  The  t,y,  A;,  of  quaternions  can,  as  we  have  seen,  be 
represented  by  three  definite  unit-lines  at  right  angles  to  each 
other.  How  can  we  represent  geometrically  the  X  or  the  /u  of  this 
new  calculus,  either  of  which  produces  precisely  the  same  effect, 
whatever  edge  of  whatever  face  of  the  dodecahedron  it  be  applied 
toP'» 

By  what  has  been  now  sketched  of  the  incidents  of  the  year, 
the  reader  will  have  been  prepared  for  the  correspondence  refer- 
ring to  them ;  but  I  give  their  proper  precedence  to  letters  which 
passed  in  January  and  February  between  Hamilton  and  Mr. 
DeYere.  The  interest  of  these  letters  is  literary  and  personal, 
and  the  frankness,  the  open-heartedness  of  both  writers,  will,  I 
think,  be  felt  by  every  reader  to  afford  the  best  proofs  of  the 
mutual  trust,  the  reality  and  depth,  of  their  very  beautiful  friend- 
ship. The  reader  will  be  best  pleased  by  taking  note  of  these 
proofs  himself :  I  abstain,  therefore,  from  forestalling  his  pleasure 
by  anticipatory  indication  or  comment. 

From  Sir  W.  R.  Hamilton  to  Aubrey  De  Verb. 

<  OBSBavA.TOST,  January  1,  1856. 

^  .  .  .  I  have  read  the  Essays  [J?«sa^s,  mostly  Theological^  by 
A.  De  y .]  quite  through  more  than  once,  and  many  parts  of  them 

*  North  British  Review^  September,  1886. 
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with  admiration ;  but  the  chief  feeling  which  they  excite  in  me, 
or  the  prevailing  impression  that  thej  leave,  is  the  old  '^  Talis 
oum  sisy  ntinam  noster  esses,"  which,  perhaps,  you  at  times  recip- 
rocate. Your  present  views  seem  to  suit  you  at  least,  and  you 
write  a  capital  style.  But  this  must  sound  to  you  irrelevant, 
perhaps  irreverent. 

*  Many  thanks  for  returning  my  manuscripts.  Your  last  con- 
versation almost  tempted  me  into  writing  again  on  the potentialitiea 
of  the  past — an  idle,  if  not  a  dangerous  theme — yet  one  to  which 
the  mind  will  recur.' 


H-om  AuBRBY  Db  Verb  to  Sir  W.  E.  Hamilton. 

'  CuRRAGH  Ghass,  January  4,  1856. 

'  .  .  .  I  send  you  back  Speranza's  most  amiable  letter.  It  is 
indeed  pleasant  to  meet  that  rare  thing,  poetic  genius,  in  union 
with  a  rarer  one — the  magnanimity  (in  which  genius  is  so  often 
deficient,  and  without  which  it  almost  ceases  to  be  respectable) 
which  can  take  censure  with  gratitude,  praise  with  simplicity,  and 
both  with  equal  grace.  I  am  much  pleased  at  the  terms  in  which 
she  speaks  of  my  father's  poetrj^  because  I  think  them  deserved. 
Wordsworth,  a  critic  hard  to  please,  thought  his  sonnets  among 
the  best  in  the  language,  both  as  to  matter  and  composition. 
Notwithstanding,  he  remains  almost  as  unknown  in  this  country, 
to  which  he  was  deeply  and  loyally  attached  (in  spite  of  his  love 
of  England,  and  dislike  of  popular  agitation  and  such  patriotism 
as  is  only  Pat-^toAsm),  as  if  Ireland  boasted  poets  as  numerous  as 
blackberries.' 

Fi'oni  Sir  W.  E.  Hamilton  to  Aubrey  De  Verb. 

'  Obsbryatoby,  January  15,  1856. 

'  I  am  in  your  debt  at  least  two  letters,  and  have  at  this  mo- 
ment to  thank  you  for  sending  to  me  the  newspaper  containing 
a  sketch  of  your  very  interesting  lecture  on  Gheneral  Literature, 
which,  on  the  whole,  appears  to  have  been  ably  reported,  though 
slight  typographical  faults  occur :  for  instance  .  .  .  These  things, 
you  know,  will  force  themselves  upon  a  practised  eye.  Your  own 
published  volumes  (and  /  may  be  excused  for  reckoning  that  you 


58  Life  of  Sir  William  Rowan  Hamilton.         [1856. 


have  laid  more  than  a  grain  or  two  upon  the  hills  of  gold)  are 
singularly  free  from  such  faults ;  and  I  too  have,  or  think  myself 
to  have,  oontributed  a  smaller  proportion  of  typographical  errors 
to  my  work  on  quaternions  than  is  confessed  by  any  equally 
oonsoientious  mathematical  author:  for  example,  by  Professor 
De  Morgan. 

*  To  turn  for  a  moment  to  something  higher.  You  know  that 
I  am  not  a  flatterer ;  but  I  must  say  that  I  regard  your  character 
as  nobler  than  my  own.  I  might  easily  expand  upon  this  topic, 
which  the  slight  praise  given  to  you  publicly  of  lat«  has  so  little 
suggested,  that  it  seems  to  me  painfully  inadequate.  But  with 
the  same  sincerity  I  must  say,  that  the  modem  Boman  system 
appears  to  me  so  corrupt  that  the  inevitable  tendency  of  any  other 
system,  such  as  Fuseyism,  to  it  is,  with  me,  a  ^^reductio  ad 
absurdum." 

'  I  do  not  admit  that  I  am  a  "  touchy  "  person ;  the  pain,  and 
often  the  meanness,  of  such  a  character  I  count  myself  to  have, 
through  life,  escaped.  Yet  I  am  glad  that  you  have  not  tried  my 
temper,  by  offering  to  send  me  stamps  for  the  prepayment  of  your 
volume  of  collected  Essays  through  the  post.' 

From  Aubrey  De  Verb  io  Sir  W.  E.  Hamilton. 

'  CuRBAGH  Chasa,  January  24,  1856. 

*  The  volume  of  my  Essays  reached  me  quite  safely ;  and  I 
can  assure  you  that,  notwithstanding  my  joke  about  the  stamps, 
nothing  was  ever  further  from  my  intention  than  to  send  them  to 
you.  There  are,  however,  persons  to  whom  I  would  have  sent 
them — regular  "  nineteenth  century  "  persons,  as  I  should  call 
them.  When  I  was  in  Greece,  I  chanced  to  be  acquainted  with 
two  people  of  good  position  at  Athens — one  an  American  clergy- 
man, the  other  a  Scotch  lawyer.  They  were  brothers-in-law. 
The  Scotchman,  of  course,  was  "  canny  "  in  his  way,  but  much 
more  for  others  than  himself ;  and  while  devoting  all  his  energies 
to  the  cause  of  Ghreece  (he  had  fought  for  that  country,  as  well  as 
laboured  for  the  education  of  its  youth  at  a  later  period),  remained 
always  as  poor,  not  only  as  a  field-mouse,  but  as  a  field-mouse  on 
a  Scotch  heath.  The  American  was  also  an  excellent  man,  well- 
to-do  in  the  world,  with  a  fine  house,  comely  wife,  high  position 
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in  a  little  world  of  fashion,  large  reputation,  &o.  &o.  Well, 
fancy  this  man  confiding  to  me  one  day  that  his  brother-in-law 
was  not  quite  the  right  thing  I  "  Would  you  believe,"  said  he, 
*^  it  is  now  two  months  since  I  had  to  pay  a  penny  for  him  one 
day,  as  we  were  out  riding  together,  and  he  has  never  repaid  it 
yet!'' 

*  When  I  was  in  Scotland,  I  perceived  at  once,  even  in  the 
Lowlands,  that  Scotch  worldliness  is  not  like  American  or  Eng- 
lish. A  Scotchman  has  warm  and  deep  feelings;  and  if  he  is 
selfish,  it  is,  in  part,  because  out  of  the  abundance  of  his  love- 
power  he  has  a  great  deal  to  spend  on  himself  as  well  a«  on  his 
friends.  There  are  those  who  care  nothing  for  themselves,  and 
care  as  little  for  their  neighboiurs.  Moreover,  the  Scotchman, 
however  thrifty  he  may  be,  has  large  sympathies,  and  a  strong 
imagination  too.  He  has  reverence  for  antiquity ;  loves  old  kings 
and  ohiefs  even  more  than  modem  lords  and  ladies ;  preserves  old 
legends ;  imagines  a  something  venerable  even  in  that  shrill- voiced 
demagogue,  John  £nox ;  sings  the  songs  of  Bums  on  moor  and 
heather ;  really  loves  his  country,  and  remembers  its  ancient  fame 
when  he  looks  on  Edinburgh  Castle,  if  not,  alas  I  when  he  looks 
on  Melrose  Abbey ;  is  capable  of  being  profoundly  attached  to  a 
cattse,  as  well  as  to  a  person,  and  in  defence  of  either  bears  the 
beating  of  the  worldly  storm,  as  the  northern  side  of  his  native 
pines  bears  the  sleet-blast  and  the  clinging  ice.  In  short,  in  the 
midst  of  his  coarser  nature  there  is  a  finer  one  also,  the  grain 
of  which  is  delicate  as  that  of  those  woods  of  which  musical  in- 
stroments  are  made.  In  many  of  these  gentler  qualities  he  is 
excelled  by  the  Irishman :  but  then  he  has — ^what  we  lack — a 
robustness  like  that  of  the  canvas  used  for  storm-sails. 

*  I  should  like  to  know  why  I  am  writing  you  a  disquisition 
on  Scotchmen.  I  suppose  it  is  because  I  intended  to  say  a  few 
words  on  theology,  in  answer  to  your  remark  on  a  tendency  to 
modem  Bomanism  being  a  '^  reductio  ad  absurdum,"  just  as  once 
before  I  wrote  a  theological  letter  to  you  when  I  meant  to  write 
one  about  literature  and  poetry. 

*  Friday^  January  25.  P.S. — My  letter  was  late  for  the  post. 
.  .  .  My  vindication  of  Scotland  was,  I  suppose,  a  vindication  of 
her  from  an  imaginary  charge — that  of  her  being  implicated  in 
the  ordinary  '*  nineteenth  century ''  character,  with  which  she  is 


6o  Life  of  Sir  William  Ravcafi  Hamilton.         [1856. 

commonlyy  but  most  unjustly  associated,  even  more  than  England. 
I  might  have  remembered,  however,  that  I  had  done  what  I  could 
in  this  way  in  writing  my  Highland  Mary^  to  which  you  had  done 
so  much  more  than  justice.  In  a  large  part  of  my  poetry,  indeed, 
my  purpose  has  ever  been  to  vindicate  some  just  cause,  or  to  write 
the  epitaph  of  one  unjustly  trampled  down,  and  scrape  the  moss 
from  neglected  tombstones. 

'  Now  one  word  as  to  the  ^'reductio  ad  absurdum  "  implied  in 
a  tendency  to  modem  Eomanism,  i.e.  Eomanism  seen  through 
the  mist  of  modem  associations,  party  impressions,  social  antago- 
nisms, &c.  I  will  only  say  that  nothing  of  thi^  kind  can  be  taken 
by  a  philosophic  mind  like  yours  for  more  than,  at  most,  an  im^ 
pression  as  distinguished  from  opinion,  and  must  even  be  contrasted 
with  conviction.* 

Mr.  DeVere  then  fills  fourteen  closely- written  pages  with  a 
very  ably-argued  contention,  that  the  charges  brought  against  the 
Boman  Church  were  necessarily  incurred  by  a  spiritual  body, 
composed  of  sinful  human  beings,  acting  through  many  successive 
centuries  upon  a  sinful  world,  and  that  they  were  of  the  same 
kind  as  the  member  of  the  Church  of  England  felt  to  be  unjust 
when  brought  against  his  Church  by  deserters.  He  concludes  his 
letter  by  turning  from  the  general  argument  to  the  following 
personal  application  of  it : — 

'  I  do  not  want  to  urge  a  new  set  of  d  priori  impressions  on 
you,  in  place  of  those  so  common  among  us,  and  to  which  I  was 
once  myself  servile  indeed,  though  I  suspected  it  not.  That  would 
not  be  fair.  I  only  want  to  point  out  the  absolute  necessity  of 
shaking  off  all  such  vague  impremons,  and  all  that  is  not  really 
and  truly  theological  and  philosophical  in  our  method  of  thought, 
if  we  would  reach  truth  on  the  most  important  of  aU  points,  and 
discriminate  between  the  authentic  and  the  spurious  forms  of  God's 
Bevelation.  I  have  observed  that  those  sorts  of  impressions  and 
social  traditions  have  often  even  more  influence  on  the  thoughtful 
than  the  thoughtless,  if  they  be  not  on  their  guard  against  them, 
or  if  they  fight  the  battle  of  theology  with  the  left  hand,  while 
more  earnestly  interested  in  political  or  philosophic  avocations. 
Once  more,  adieu.    Yours  affectionately.' 


ABTAT.  50.]  Non- Version.     Henry  Taylor.  6i 

It  oottld  not  reasonably  be  ezpeoted  that  Hamilton,  with  such 
work  on  his  hands  as  the  writing  of  his  Elements  of  Quaternions^ 
and  with  his  thoughts  absorbed  in  it,  could  find  time  or  freedom 
of  mind  sufficient  to  enable  him  to  grapple  with  so  accomplished 
and  earnest  a  controversialist  as  his  friend.  In  his  reply,  accord- 
ingly, he  is  content  with  intimating  that  his  previous  convictions 
remained  unshaken,  while  candidly  admitting  the  fact  that  he  was 
conscious  of  having  his  share  of  bias  and  prepossession. 

From  Sir  W.  E.  Hamilton  to  Aubrey  De  Vbre. 

'  Obsertatobt,  January j  31,  1866. 

S  .  .  I  like  what  you  say  about  Scotland,  and  am  not  offended 
by  your  remarks  on  Theology — though  not  at  all  afraid  of  your 
succeeding  in  con-  or  per- verting  me.  In  my  Lectures  on  Quater^ 
nions  there  occur  all  sorts  of  '*  Versions '' ;  such  as  iZeversions, 
Proversions,  and  TVan^versions,  with  reference  to  rotations  in 
geometry ;  but  one  of  them  is  a  iVon- version  I  Even  mathematics, 
you  see,  may  supply  a  joke  sometimes — such  as  Pope  somewhere 
says,  does  he  not  P  that  *'  gentle  dulness  loves." 

*  Of  course  I' admit  that  early  impressions  must  in  my  case,  as 
in  most  others,  leave  a  very  lasting  trace — and  that  I  do  not  pre- 
tend to  be  unbiassed — as  indeed  who  can  be  P  .  .  .' 

In  rejoinder  to  the  above,  Aubrey  De  Yere  discharges  a  few 
Parthian  shots,  to  be  met  with  towards  the  conclusion  of  the 
following  letter,  the  preceding  part  of  which  I  insert  on  account 
of  its  interesting  reference  to  his  own  poetry,  and  his,  as  it  appears 
to  me,  admirable  characterisation  of  the  poetiy  of  Sir  Henry 
Taylor. 

From  Aubrey  De  Vere  to  Sir  W.  R.  Hamilton. 

*  CiTBRAOH  Chabb,  February  1,  1856. 

*.  .  .  There  is  no  quality  I  should  be  better  pleased  to  see 
attributed  to  my  poetry  than  Passion — partly  perhaps  because 
some  not  unfriendly  critics  have  thought  that  its  chief  defect  was 
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a  JMk  of  Passion.  Henry  Taylor  suggests  this  in  the  form  of  a  query ^ 
in  a  letter  which  assuredly  is  oomplimentaiy  enough^  and  which, 
if  I  can  find  it,  I  will  send  to  you  (but  you  must  let  me  have  it 
again),  though  you  are  not  to  suppose  I  believe  in  all  the  kind 
things  he  says  also  of  my  verse.  I  was  so  ungracious  as  to  answer 
his  question  by  saying  that  I  doubted  very  much  whether  it  was  in 
Passion  that  my  poetiy  was  deficient:  but  an  author  is  the 
worst  judge  of  his  own  works.  .  .  . 

*  As  for  the  Versions  and  Non- versions,  I  will  give  you,  as  a 
pious  task,  the  Conversion  of  our  friend  Anster  on  the  subject  of 
the  Poet  I  have  named  to  you,  Henry  Taylor.  He  is  flinty- 
hearted  as  to  him,  which  always  amazes  me:  for  Philip  can 
Artevelde  seems  to  me  the  greatest  dramatic  work  since  Shake- 
speare ;  and  his  other  poems  are  admirable  also.  The  degree  of 
compact  strength  they  exhibit  is  almost  a  miracle  in  these  soft 
effeminate  days,  when  few  could  claim  the  praise  old  Ben  Jonson 
gave  to  a  friend  of  his  of  whom  he  said,  *'my  son  Gartwright 
writes  all  like  a  man.^^  To  this  H.  Taylor  adds  a  peculiar  delicacy 
and  fineness,  of  double  value  when  united  with  strength,  and  a 
deep  vein  of  genuine  Thought,  and  a  certain  "  noble  and  stately- 
grace  "  which  I  should  call  the  differentia  of  his  muse.  .  .  .  Anster 
needs  oonyersion  also  veiy  much  respecting  Tennyson,  respecting 
whom  he  is  but  indifferently  affected. 

*  I  must  not  serve  you  up  any  more  Theology  at  present.  I  will 
only  beg  of  you  to  remember  one  thing,  viz.,  that  however  natural 
it  is  for  us  to  be  biassed  by  early  training,  or  the  "Public  Opinion  " 
about  us,  respecting  Beligion,  and  also  to  act  on  Impressions  as 
though  they  were  Convictions  deliberately  arrived  at,  yet,  if  there 
be  any  one  thing  absolutely  certain^  it  is  this,  viz.,  that  Duty^ 
Honour^  and  Safety  all  alike  imperatively  require  that  we  should, 
as  far  as  we  are  able,  rise  superior  to  this  natural  tendency,  which, 
even  were  it  excusable  in  any,  would  not  be  so  in  persons  of  deeply 
thoughtful  habits.  All  this  belongs  to  the  Will^  for  which  we 
are  plainly  responsible ;  and  if  we  believe  in  Christianity  at  all, 
surely  it  must  be  our  first  duty  to  discriminate  with  perfect/atm^^a 
between  the  authentic  and  spurious  versions  of  it.  After  all,  surely 
consistent  and  logical  thinking  is  but  honest  thinking  on  such  a 
subject ;  and  to  many  may  not  this  be  their  chiefs  if  not  their  only, 
probation  f    Affectionately  yours.' 
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From  Sir  W.  B.  Hamilton  /o  Aubrey  De  Verb. 

*  Ob^ertatobt,  Fehruary  12,  1856. 

^  I  have  thought  myself  permitted  to  make  a  copy,  in  one  of 
my  manuscript-books,  of   Henry  Taylor's  remarks  upon  your 
poetry,  all  of  which  I  think  that  I  can  adopt.    Indeed  most  of 
them,  or  at  all  events  many,  had  occurred  to  myself  before.    Per- 
haps I  may  write  to  you  again  upon  the  subject.    At  this  moment 
I  am  detaining  the  morning  postman,  who  is  not  bound  to  wait  for 
letters,  but  whom  I  have  bribed  by  promising  him  a  cup  of  tea  in 
my  hall.    He  has  brought  me  a  note  from  Dr.  Bobinson,  enclosing 
four  stamps  in  repayment  of  a  recent  advance  of  mine,  so  if  you 
had  sent  me  stamps  for  posting  your  book  (which  I  am  very  glad 
that  you  did  not),  you  would  not  have  been  the  only  Irishman  who 
has  done  something  of  this  kind.    I  am  rather  vexed  by  receiving 
I        these  stamps,  but  suppose  that  the  civil  thing  is  to  retain  them. 
I        I  had  put  the  same  number  of  heads  on  a  printer's  packet  which 
I        came  to  me  by  mistake  a  day  or  two  ago.    You  will  return  me 
'        Robinson's  note.     He  is  a  very  pleasant  person,  to  love  or  to 
quarrel  with.*    I  have  known  him  since  I  was  a  child,  and  we 
have  had  our  little  quarrels  now  and  then.    You  and  I  never  got 
up  one  I    AfEectionately  yours.' 

Although  Hamilton  declined  to  enter  into  written  controversy 
with  Aubrey  De  Vere  upon  the  subject  of  Eomanism,  it  would 
appear,  from  an  entry  in  one  of  his  manuscript*books,  that  his 
friend's  arguments  had  led  him  to  formulate,  under  the  name  of 
theses,  some  of.  his  convictions  in  reference  to  the  Church  of  Home ; 
and  I  think  it  right  here  to  print  them,  for  the  purpose  of  showing 
that  his  resolute  adherence  to  FrotestantiBm  was  founded  not 


*  What  Dr.  Robinson  at  this  time  thought  of  Hamilton  is  shown  by  a  note 
written  by  him  about  a  month  later  in  reference  to  something  said  by  Hamilton 
at  a  Meeting  of  Council  of  the  Royal  Irish  Academy. 

<  Obskrvatort,  Armagh,  March  8, 1856. — There  was  not  the  least  occasion 
for  you  to  suppose  I  could  be  hurt  by  what  you  said.  I  know  your  kind  and 
good  heart  too  well,  and  rely  too  firmly  on  our  old  friendship,  ever  to  admit  the 
possibility  of  your  harbouring  an  unkind  thought  towards  me  ;  and  I  took  [it] 
as  one  of  the  point$  to  which  an  extempore  speaker  is  occasionally  tempted.' 
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solely  upon  traditional  views  and  prejudices,  but  upon  historioal 
study  and  reasoned  conclusions.  At  p.  349  of  Manuscript-Book 
D.  1855, 1  find  the  following  :— 

*0n  O  evening,  July  6,  '56,  I  wrote  out  for  myself,  and 
showed  to  Helen,  with  some  dim  purpose  of  hereafter  letting 
A.  De  Yere  see  them,  a  few  remarks  in  the  form  of  Thesea  on 
Itomanmn.     They  were  nearly  these: — 

*  I.  The  Boman  Pontiff  is  not  the  Vicar  of  Christ ;  nor  is  there 
any  human  Head  of  Christendom. 

*  II.  The  Eoman  Communion  is  not  the  Holy  Catholic  Church  ; 
nor  is  it  even  an  incorrupt  branch  thereof. 

'  III.  The  Boman  System  is  unscriptural ;    and  is  expressly 
denounced  by  anticipation  in  the  Scriptures. 

*  lY.  The  Boman  Worship  is  idolatrous  in  tendency ;  and  its 
followers  are  in  peril  of  the  sin  of  actual  idolatry.' 

The  absorbing  nature  of  his  mathematical  researches  is  graphi- 
cally expressed  in  the  following  extract  from  a  letter  to  Aubrey 
De  Yere.  It  renders  account  for  his  not  giving  an  unconditional 
promise  to  look  over  a  scientific  Paper  written  by  a  gentleman 
introduced  to  him  by  Mr.  De  Yere ;  but  it  will  show  also  how 
entirely  his  pursuits  and  his  duties  disabled  him  for  discussing 
adequately  by  letter  so  great  a  controversy  as  that  between  Pro- 
testantism and  Bomanism. 

*July  18,  1856  ...  In  tsict  it  is  impossible  for  me  to  give  any 
promise  of  that  kind,  because  when  a  whirlwind  of  original  investi- 
gation seizes  me,  it  carries  me  away,  and  for  the  time  my  place 
knows  me  no  more — I  am  out  of  space,  and  more  than  ^^prope 
mancus  ad  officia."  And  then  I  have  all  sorts  of  duties,  already 
imperfectly  discharged,  and  which  I  must  not  unnecessarily  com- 
plicate/ 

The  following  passage  in  a  letter  of  Aubrey  De  Yere's,  dated 
May  11,  1856,  brings  into  view  a  project,  entertained  long  before 
by  Hamilton,  of  extending  Bishop  Butler's  analogical  argument 
to  a  defence  of  the  Church,  and  also  a  striking  similitude  conceived 
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by  him,  at  a  still  earlier  time,  in  which  a  phenomenon  of  nature  is 
made  to  illustrate  a  Christian  doctrine : — 

*  ...  I  well  remember  the  discovery  of  Conical  Befraotion, 
though,  alas,  little  able  to  appreciate  these  high  things  in  science, 
much  as  I  venerate  them.  That  discovery,  however,  particularly 
impressed  me  at  the  time,  as  such  predictions  in  science,  like  pro* 
phecies  in  religion,  have  a  special  value  of  their  own.  I  wish  some 
competent  person  would  write  an  essay  on  all  the  analogies  or 
*^  similitudes  in  dissimilitude "  between  the  Sciences  you  are  ad« 
dieted  to  especially  and  Theology.  I  remember  Manning  (a  deeply 
philosophical  Mind)  observing  to  me  soon  after  he  had  become  a 
Roman  Catholic — (1)  that  it  was  not,  in  his  judgment,  jE7o«ai6/6  for 
Chriatiamty  to  have  expanded  itself  into  any  large  and  consistent 
scheme  of  thought^  such  as  is  implied  in  the  idea  of  revealed  truths 
except  in  the  form  of  Catholic  Theology ;  and  (2)  that  next  to  this 
wonderful  fabric  of  supernatural  science  (as  set  forth,  for  example, 
in  St.  Thomas  Aquinas},  the  thing  that  he  most  venerated  was  the 
marvellous  pile  of  Inductive  and  Mathematical  Science,  which  was 
a  development  not  less  faithful  of  their  own  Laws  of  Thought.  He 
spoke  as  if  the  two  things,  considered  in  relation  to  intellect  alone, 
and  apart  from  the  soul,  might  be  regarded  as  the  twin  simimits 
of  that  mount 

**  which  doth  divide 
Into  two  ample  horns  his  forehead  wide.'' 

Now,  there  is  a  subject  for  you  to  write  an  essay  on,  by  way  of 
following  up  a  scheme  of  thought  which  had  presented  itself  to 
you  before  the  days  of  Conical  Befraction,  when  you  spoke  of 
writing  an  Essay  pointing  out  the  complete  relevancy  of  Bishop 
Butler's  mode  of  reasoning  to  the  question  of  the  Church,  as  well 
as  to  that  of  the  Gospel.  .  .  . 

*  Here  is  another  plan  for  you — if  you  like  poetry  better  than 
prose  at  least.  I  often  wish  you  would  write  a  series  of  philoso^ 
phical  sonnets.  The  condensed  form  of  the  sonnet  makes  it  par- 
ticularly valuable,  as  a  sort  of  chalice  for  some  one  great  and 
fruitful  thought  which  deserves  to  be  thus  brought  out.  Again, 
at  the  various  periods  of  human  life  there  is  a  peculiar  interest, 

VOL. in.  F 
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personaly  as  well  as  philosophical,  in  looking  back  with  a  view  of 
ascertaining  what  are  the  most  precious  spoils  which  a  certain 
quantum  of  meditation  and  experience  has  left  with  us,  and  which 
we  should  like  to  bequeath.  I  will  mention  a  thought  worthy  of 
a  sonnet,  which  will  show  you  that  I  remember  past  times  as  well 
jis  you.  Many  years  ago,  when  we  were  walking  on  the  pier  at 
Kingstown,  you  remarked  on  the  contrast  between  the  vast  pacifio 
expanse  of  a  bright  and  level  sea  with  the  soft  thunder  of  the 
breakers,  which  fell  with  perfect  regularity,  but  drawing  down  a 
weight  of  ruin  which  must  have  destroyed  any  boat  which  put 
itself  in  t/ie  way  of  such  destruction.  You  remarked  on  this  con- 
trast as  illustrating  at  once  the  infinite  mercy  and  infinite  justice 
of  &od,  and  showing  how  Wrath  and  Vengeance  are  consistent 
with  a  Being  all  Love,  and  above  all  Passion.  Now,  in  these  days, 
when  people,  who  mistake  themselves  for  deep  thinkers,  as  well  as 
philanthropists,  fancy  that  they  can  recommend  Christianity  by 
expurgating  it  of  its  doctrine  of  ^'Eternal  Punishment,"  and 
render  it  more  acceptable  by  divesting  it  of  what,  when  superfi- 
cially regarded,  becomes  part  of  the  "  scandal  of  the  cross,"  you 
would  do  real  good  by  treating  the  subject  in  a  higher,  though 
less  popular  spirit,  and  the  sonnet  form  would  answer  well. 
Perhaps  several  sonnets  might  be  necessary.  .  .  . 

*  I  have  no  doubt  you  are  quite  right  in  thinking  that  no  cor- 
respondence is  desirable.  The  more  tranquil  we  can  keep  our 
spirit,  the  better  will  that  still  lake  reflect  the  image  of  heaven, 
and  the  less  will  be  stirred  up  of  whatever  can  dim  the  waters. 
Besides,  the  past  is  a  delicate  thing,  perfect  in  itself,  but  easily 
spoilt.* 

The  letters  which  follow  relate  principally  to  Quaternions  and 
to  Polyhedra,  but  to  them  I  prefix  a  letter  to  Dr.  Robinson,  of  an 
earlier  date. 

Fi'om  Sir  W.  E.  Hamilton  to  the  Rev.  T.  R.  Robinson,  D.D. 

*  Obseuvatobt,  March  24,  1856. 

*  My  dear  Dr.  Robinson — Within  the  last  few  days  I  have 
received  from  Paris  a  quarto  of  about  200  pages,  almost  entirely 
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devoted  to  the  development  and  application  of  my  results  in  phy- 
sical astronomy — the  first  part  relating  to  my  abstract  results  in 
dynamics,  and  the  second  being  headed,  Thhie  cTastronomie.  Ap^ 
plication  de  la  Mithode  de  M.  Hamilton  au  Cakul  des  Perturbations 
de  Jupiter — by  Saturn,  Uranus,  Neptune  and  Mars,  the  Earth,  &c. 
— with  long  inequalities  of  all  sorts  extended  to  the  years  of 
our  Lord,  2300,  and  2800 — all  by  Prof,  or  Monsieur  Houel,  of 
Alen9on — but  submitted  to  Cauchy,  Duhamel,  and  Delaunay, 
and  (as  it  seems)  approved  by  them.  How  comfortable  to  see  my 
abstract  results  translated  into  hundredths  of  seconds  sexagesimcd ! 
ajid  how  odd  a  feeling  it  gives  to  read,  in  the  astronomical  depart- 
ment, every  now  and  then,  of  "  I'ellipse  de  M.  Hamilton "  I  or 
better  still,  here  and  there,  without  the  "  M,"  "  I'ellipse  de  Ha- 
milton " ! — for  it  is  the  truth,  though  perhaps  scarcely  two  or  three 
persons  in  these  countries  have  noticed  it,  that  I  assigned,  twenty 
years  ago,  elliptic  orbits  for  all  the  planets,  essentially  distinct  in 
theory,  though  very  little  differing  in  practice,  from  those  so  beau- 
tifully imagined  by  Lagrange,  and  having  certain  centrobasic  and 
symmetric  advantages.*  ...  I  remain,  in  haste,  but  wishing  to 
consult  you  on  some  things  astronomical,  most  faithfully  yours.' 

lyom  Sib  W.  E.  Hamilton  to  Eev.  Humphrey  Lloyd,  D.D. 

*  Obsebyatort,  Dfnsink,  September  9,  1856. 

*  ...  I  returned  to  this  place  only  a  week  ago,  having  lingered 
for  a  quiet  fortnight  in  Cheltenham,  after  the  business  and  amuse- 
ment of  the  Association  week;  which  with  me  extended  from 
Monday  the  11th,  to  Saturday  the  16th  of  August,  for  I  was 
asked  to  several  dinners,  and  visited,  after  the  formal  meetings 
had  closed,  the  College,  and  other  show-places,  such  as  Lord 
Northwick'sf  splendid  picture  gallery,  during  that  time.  Con* 
oeive  me  shut  up  and  revelling  for  a  fortnight  in  John  Ghraves's 
Paradise  of  Books  !   of  which  he  has  really  an  astonishingly 


•  See  vol.  ii.,  pp.  112-117. 

1 1  happened  to  be  introduced  to  his  Lordship,  who  is  now  old,  and  he  told 
me  that  he  well  remembered  the  English  Sir  William  Hamilton  at  Naples,  and 
showed  me  a  miniature  of  Lord  Nelson  and  a  gem  of  his  Lady  Hamilton. 

F2 
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extensive  collection,  especially  in  the  ourious  and  mathematical 
kinds.*  Such  new  works  from  the  Continent  as  he  has  picked 
up  !  and  such  rare  old  ones  too  I  Besides  works  of  Archimedes 
and  Apollonius,  which  I  had  read  before,  he  showed  me  the 
original  edition  of  Copernicus's  book  De  RevolutionibuSy  &c.,  con- 
taining an  apologetic  pre/ace  by  the  editor,  which  Graves  had  not 
observed,  and  which,  while  modestly  putting  forward  the  motion 
of  the  earth  as  an  hypothesisy  endeavours  to  deprecate  by  anticipa- 
tion the  displeasure,  not  of  the  priests,  but  of  the  philosophers  ! — 
for  no  fear  seems  to  have  been  as  yet  entertained  of  awakening 
the  wrath  of  the  Church ;  and  indeed  I  believe  that  the  work  was 
dedicated  to  the  Pope  of  the  time,  but  am  not  quite  sure  of  this. 

*  To  descend  to  more  recent  times — though  on  my  way  to  them 
I  lingered  for  a  good  while  on  a  charming  folio  of  the  works  of 
Wallis,  written  in  part  in  English  first,  but  afterwards  translated 
into  Latin,  for  the  greater  ease  of  the  reader,  and  including  a 
defence  of  the  Sunday  against  the  Saturday,  which  latter  day  has 
(I  believe)  still  some  advocates  in  Christendom,  as  being  the 
Sabbath  of  the  Bible.  I  was  induced  to  read  some  modem 
German  publications  chiefly  on  the  Theory  of  Numbers,  which 
is  a  favourite  study  of  John  Graves,  though  I  have  very  little 
attended  to  it.  I  scarcely  knew  before  I  was  with  him  lately 
that  theorems  respecting  real  integers  have  been  extended  to 
imaginary  integers,  such  as  3  +  Ty^-  1  under  the  name  of  complex 
numbers;  and  that  in  this  extended  view  the  number  2  (for 
instance)  ceases  to  be  prime  because  it  is  =  the  product  (1  +  v^  -  1) 
(1  -  \/  -  1) ;  though  3  remains  a  prime  number.  Graves  pointed 
out  to  me  that,  in  a  future  theory  of  integer  quaternions  no  real 


*  The  following  is  an  extract  from  the  Prefaoe  of  the  Catalogue  of  Books  in 
the  General  Library  and  in  the  South  Library  of  University  College,  London^ 
1879 : — *  The  Graves  Lihrary  is  a  most  valuable  collection  of  more  than  ten 
thousand  books,  and  about  half  as  many  pamphlets.  Mr.  J.  T.  Graves,  M.A., 
who  was  Professor  of  Jurisprudence  in  the  College  between  the  years  1838  and 
1843,  by  his  will,  dated  March  26,  1870,  devised  "  all  his  Mathematical,  As- 
tronomical, and  Physical  books  and  papers,  to  University  College,  Jjondon,  in 
remembrance  of  his  former  connexion  with  that  institution."  Perhaps  no 
private  scholar  has  ever  formed  a  mathematical  library  so  nearly  complete. 
Many  of  the  books  are  very  rare — ^some  probably  unique— and  about  one-half  of 
the  whole  collection  is  in  handsome  bindings.' 
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integer  will  continue  to  be  pnme  ;  beoause  in  quaternions 

and  epe)*t/  real  and  positive  integer  is  known  to  be  the  sum  of  four 
square  numbers  (0  included).  I  delighted*  him  by  dashing  offf 
a  solution  of  a  problem  suggested  by  Scheffler's  investigation  re- 
specting the  '' greatest  oommon  measure  of  two  complex  numbers/' 
which  he  had  supposed  would  be  found  difficult,  namely,  "  to  find 
the  greatest  common  measure  of  two  proposed  quaternions."  He 
named  at  random,  1  +  2t  +  3j  +  4A:,  and  6  +  6»  +  7j  +  8k;  and  I 
soon  assigned  (by  a  general  process)  i  -  A-  as  their  greatest  common 
measure  :  multiplied  (it  is  understood)  by  ±  1,  or  ±t,  or  ±j\  or  ±^. 

*  John  Graves  has  given  me  what  it  was  a  wonderful  kindness 
and  favour  for  a  hook-collector  to  bestow,  a  duplicate  copy  of  the 
now  rare  work  of  Qauss,  Disquiaitiones  Arithmeticaey  1801,  which 
I  had  the  astonishing  honesty  to  return  (after  keeping  it  only  a 
single  year)  to  Sir  John  Herschel  about  ten  years  ago.  It  is  (I 
understand)  very  difficult  now  to  procure  it.  As  some  slight 
return  to  Graves,  I  have  written  to  him  a  long  mathematical  letter 
to-day,  showing  how  a  few  of  Gauss's  theorems  may  be  extended 
to  quaternions — ^with  suitable  but  instructive  modifications. 

*  Another  German  book,  besides  Scheffler's  Unbestimmte  Ana- 
lytik,  Hanover,  1854,  which  treats  of  problems  respecting  real  and 
complex  numbers — founded  very  much  on  the  great  work  of  Gauss, 
and  containing  the  solution  of  the  problem  of  the  greatest  common 
measure  for  ordinary  imaginary  integers,  was  by  the  same  author, 
and  was  among  those  partly  read  by  me  during  my  recent  Chelten- 
ham holidays  ;  namely,  his  Situations-KalkuL  About  this  book, 
published  in  1851,  I  had  felt  a  curiosity,  because  it  professes  to 
deal  with  the  multiplication  of  lines  in  space;  and  I  wished  to  know 
whether  the  author  had  in  any  way  re-invented  the  quaternions, 
or  made  out  anything  better,  but  having  the  sapae  general  aim. 


*  In  his  first  rapture  he  exclaimed  <  I  see  that  quaternions  will  do  every- 
thing ' — you  will  remember  that  these  were  his  words,  not  mine, 

tin  a  letter  to  his  son,  written  from  Cheltenham,  August  21,  Hamilton 
writes,  '  1  dashed  off  before  breakfast  (indeed  in  my  shirt)  a  general  method  [for 
its  solution],  though  I  had  never  thought  of  the  problem  before ;  and  after  break- 
fast went  through  the  numerical  calculation,^ 
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You  are  at-  liberty  to  oonjecture  whether  I  was  more  disappointed 
or  pleased  by  finding  that,  notwithstanding  his  imposing  symbol 


X  + 


y  a/-  i  +  »  ^/-^  1  v/-  1, 


for  a  line  in  spaoe,  the  /atra  of  his  multiplication  of  suoh  lines  are 
precisely  those  which  occurred  to  me,  in  my  first  crude  guess  of  1830, 
recorded  in  paragraph  [41]  of  the  preface  to  my  lectures,  and  by 
me  very  wisely  discarded — ^though  Soheffler  has  managed  to  spin  a 
book  about  them ! ' 


From  Sib  W.  E.  Hamilton  to  J.  T.  Graves,  f.  r.  s. 

'  Obsbryatory,  September  ZOth,  1856. 

"...  And  really  I  should  be  forced  to  consult  my  books  for  the 
purpose  of  even  telling  you  the  titles  of  the  things  I  have  written 
upon  since  we  last  met,  if  it  were  necessary  that  I  should  enume- 
rate them.  ^ 

'For  I  had  almost  forgotten,  till  something  led  me  just  now  to 
open  the  large  book  to  which  I  allude,  that  I  had  written  about 
ten  pages  in  it,  during  this  expiring  September  of  1856,  containing 
an  application  of  quaternions  to  a  question  of  solid  geometry,  sug- 
gested to  me  lately  by  a  recent  article  of  Qrassmann's  in  Crelle's 
Journal  [der  Mathematik'].  The  article  was  one  of  plane  geometry 
alone,  but  the  author  was  well  worthy  to  have  anticipated  me  in 
the  discovery  of  the  quaternions;  and  it  appears  to  me  a  very 
remarkable  circumstance  that  he  did  not.  See  my  quotation,  in 
page  62  of  the  Preface  to  my  Lectures^  from  the  Preface  to  his 
Ausdehnufigslehre,  if  you  do  not  happen  to  have  that  obscure,  but 
highly  original,  work  in  your  library.     I  know  that  you  have  the 

almost  equally  interesting,  and  to  me  far  more  pleasing  book,  the 

• 

of  Moebius.  The  last-named  writer  is  a  very  original  one,  and  a 
fconderfully  candid  one :  if  you  saw  his  letter  of  last  autumn,  in 
which  he  lectured  upon  my  theory  of  the  circular  hodograph,  you 


*  Probably  this  blank  spaoe  should  be  filled  bj  the  title  of  A.  F.  Moebius's 
book  Der  harycentrische  Calcul  (8to:  Leipzig,  1827). 
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could  prove  to  Mrs.  Graves  that  scientific  men  are  not  always 
jealous  of  each  other.** 

As  has  heen  already  recorded,  it  was  in  letters  commencing 
with  the  7th  of  October  that  Hamilton  communicated  to  Mr.  J.  T. 
Graves  his  discovery  of  the  Icosian  Calculus.  The  first  letter  of 
this  series  affords  interesting  proof  of  his  scrupulous  care  to  act 
with  perfect  fairness  towards  a  brother  mathematician  regarding 
priority  in  arriving  at  important  conceptions.  On  this  account  I 
here  reproduce  it.  After  adverting  to  his  repayment  of  a  trifling 
loan  of  money  which  his  prolonged  visit  to  Cheltenham  had  caused 
him  to  seek  from  his  host,  he  continues : — 

From  Sir  W.  E.  Hamilton  to  John  T.  Graves,  f.r.s. 

«  Oct€Aier  7,  1856. 

* .  .  .  There  is  a  much  more  interesting,  if  not  more  useful  sort 
of  honesty,  which  chiefly  urges  me  to  write  to  you  at  this  moment. 
...  I  want  to  know  whether  you  have  anticipated  me  in  the  find- 
ing (for  discovery  may  be  too  grand  a  name  for  it)  of  a  new  system 
of  geometrically  interpretable,  and  algebraically  non-commutative 
symbols,  quite  different  from  t,/,  h.  If  so,  in  the  parentage  of 
tiiiought  these  new  symbols,  i,  ic,  A,  wUl  be  bound  to  pay  a  certain 
filial  duty  to  your  brain.  For  it  has  just  occurred  to  me  to  re- 
member that  you  spoke  in  the  Mathematical  Section  lately  of  a 
new  imaginary,  the  nature  of  which  you  did  not  communicate, 
suggested  to  you  by  considerations  of  polyhedra.  Now  it  was 
precisely  that  cla^  of  considerations  which  led  me  lately  to  my 
own  result.  That  they  (the  polyhedra)  interested  me,  is  chiefly  due 
to  you ;  but  I  am  not  conscious  of  your  unexplained  remark  about 
a  new  imaginary  having  influenced  my  recent  speculations;  nor, 
indeed,  should  I  quite  like  to  call  my  new  symbols  *'  imaginary."  If 
you  choose  now  to  tell  me  what  your  result  was,  I  shall  not  be  un- 
willing to  receive  the  information,  since  I  have  something  to  offer 


t  In  a  letter  dated  Leipzig,  August  27,  1855,  Moebius  writes,  *  In  my 
lectures  and  otherwise  I  have  tried  to  divulge  the  most  elegant  and  simple  way, 
by  which  in  the  last-named  Paper  you  derive  the  Eeplerian  laws  from 
Newton's  law  of  gravitation.'    Manuscript  Book  L.  1847,  p.  156. 
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in  return.  On  my  part,  I  am  about  to  enclose  a  memorandum  of 
the  nature  of  mj  new  system,  which  I  shall  seal  up  in  a  separate 
cover,  so  as  to  give  you  the  option  of  not  reading  it,  should  it  be 
any  satisfaction  to  you  not  to  do  so  till  after  your  writing  to  me. 
But  of  course  I  have  not  the  least  objection  to  your  opening  the 
enclosed  packet  at  once.  ...'** 

From  the  Same  to  the  Same. 

*  OBSfSKYATOUY,  Octoher  17,  1856. 

*  My  dear  John  Graves — The  constant  friendship  to  which  you 
have  admitted  me,  during  a  period  of  more  than  thirty  years,  may 
cause  you  to  remember,  with  some  interest,  that  you  were  the  first 

*  The  enclosed  memorandum  states  with  such  conciseness  the  substance  of 
the  discovery  that  I  insert  it  here,  supposing  that  it  may  be  welcome  to  some 
mathematical  reader. 

Mehobandvm  for  John  T,  Graves,  Esq,,  from  his  friend,  the  Author. 

'  It  has  lately  occurred  to  me  that  several  investigations  respecting  poly- 

hedra  may  be  assisted  by  the  introduction  of  a  system  of  new  symbols,  t,  «,  A, 

which  shall  be  symbolical  roots  of  positive  unity,  but  unoommutative  (although 

associative)  as  factors  among  themselves.    For  example,  I  find  that  if  we 

assume 

4«  =  1,    ic>  =  l,    A»  =  l,    A«iic;  (A) 

then  the  only  cyclical  mode  of  passing  over  all  the  successive  faces  of  the 
icosahedron,  or  (along  20  of  the  30  edges)  from  comer  to  comer  of  the  dode- 
cahedron, is  fully  expressed  by  the  formula 

*i»  A-8'  (*!  ktf  =  1,  (B) 

where  k\  =  «,     k%  «  »«'.  (C) 

By  making,  similarly, 

/l  =  «A,     fc  =  iA',     /3  =  iA>,     ;4  =  iA*;  (D) 

so  that  k\  «  A,  and  /  »  ir;  (£) 

while  hi  and  h  h  h  have  the  significations  stated  above,  I  find  that  all  results 
respecting  passages  over  eucceesive  faces  of  the  dodecahedron,  or  along  succes- 
sive edges  of  the  icosahedron,  so  as  to  cover  a//,  or  do»i«,  of  the  faces  of  the  one 
solid,  or  to  pass  over  all  or  some  of  the  corners  of  the  other,  admit  of  being  ex- 
pressed by  formulsD  of  the  same  general  kind  as  (B),  with  Ts  instead  of  ^*8  for 
factors.    For  other  factors  I  use  other  exponents. 

•  W.  R.  H. 

*  Observatory  of  T.  C.  D., 

*  October  7,  1856.' 
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person  to  whom  I  oommunioated  my  invention  of  the  Quaternions, 
in  a  letter  of  October  17,  1843,  which  has  since,  by  your  permis- 
sion, been  printed.* 

'  I  had  some  hope  that  you  might  have  anticipated  me  in  a 
more  recent  mathematical  conception,  the  result  of  a  train  of 
thought  for  the  suggestion  of  which  I  am  indebted  to  yourself. 
With  your  usual  candour  you  have  informed  me  that  you  have  no 
claim  to  make  in  the  matter.  Let  me  at  least  have  the  pleasure  of 
in  some  degree  associating  your  name  therewith  if  this  letter  shall 
be  thought  worth  preserving ;  for  I  feel  sure  that  if  you  had  not 
lately  pressed  on  my  attention  the  geometrical  interest  of  the  poly- 
hedra, although  the  feeling  of  such  an  interest  is  among  my  very 
earliest  mathematical  recollections,  I  should  not  have  been  conducted 
to  that  novelf  system  of  symbols,  respecting  which  I  have  now  the 
pleasure  of  giving  you  some  enlarged  particulars,  without  pretend- 
ing to  attach  more  than  a  very  moderate  degree  of  importance 
to  the  results.  .  .  .  [Here  follows  a  full  statement  extending  to 
twenty-three  folio  pages  of  manuscript.]  ' 

Subsequently,  in  a  letter  which  I  now  insert,  Hamilton  refetv 
to  the  investigations  of  the  Bev.  T.  P.  Kirkman  on  polyhedra. 

Frmi  the  Same  to  the  Same, 
[from  a  copy.] 

*  OBSEBVATOSTy  November  1,  1856. 

*  I  am  much  obliged  to  you  for  drawing  my  attention  to  Mr. 
Kirkman's  researches  on  Polyedra — you  see  that  I  consent  to  drop 
the  "  h." 

*  Though  I  admire  his  inventive  powers,  I  happened  to  be  en- 
tirely unacquainted  with  what  he  had  done  on  the  subject  referred 
to.  I  suppose  that  I  must  have  just  seen  his  name  printed  in  con- 
nexion with  polyedra ;  but  if  I  did  so — in  the  notices  of  the  PrO' 
ceedings  of  the  Royal  Society,  for  instance — it  made  no  impression 
on  me  whatever,  because  I  had  no  thought  of  pursuing  the  subject 


*  See  supra,  vol.  ii.,  p.  463. 

t  *  Of  course  when  I  say  **  novel,'*  I  can  only  mean  that  it  is  such  to  myself 
at  present.' 
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myself,  and  did  not  hope  to  understand  the  abridged  account, 
without  having  the  fuller  statement  before  me. 

*  It  was  only  yesterday  that  I  observed  that  the  First  Part  of  "* 
the  Philosophical  Transactions  for  1866  had  arrived  here,  and  that 

I  began  to  out  the  leaves.  After  a  fashion,  I  have  read  the  two 
papers  of  Kirkman  at  the  end ;  enough  to  catch  what  he  is  at,  and 
to  see  that  on  the  geometrical  side  he  has  been  dealing  with  far 
greater  generalities  than  myself.  But  I  do  not  observe  the  slightest 
trace  of  his  having  caught  even  the  notion  of  my  algorithm  or 
calculus^  such  as  it  is ;  and  my  long  letter  to  you  contains  only 
specimens  of  such  a  calculus.  Even  as  regards  my  ^'q — agon,'' 
namely,  a  certain  20 — agon,  composed  of  20  successive  edges,  out 
of  the  30,  of  the  ancient  dodecaedron,  I  do  not  see  that  TTirVmiLTi 
has  printed  an  anticipation ;  though  I  am  most  willing  to  believe 
that  he  possessed  one,  and  thought  it  too  easy  to  publish. 

*  The  conditions  of  his  Theorem  A,  page  413  of  the  Part  [of 
the  Philosophical  Transactions'\  above  cited,  do  not  seem  to  include 
my  result ;  for  though  every  "  crown-summit "  of  the  old  dode- 
caedron adjoins  one  of  the  "  wall-summits,"  it  is  not  true,  con- 
versely, that  every  wall-summit  is  contiguous  to  a  crown  one. 
But  Earkman,  in  page  418,  expresses  himself  as  aware  that  a 
"  q — agon  "  can  be  traced  along  selected  edges  of  a  "  q — acron," 
without  all  the  conditions  of  his  Theorem  A  being  fulfilled.  Still, 
I  do  not  see  that  he  has  specially  perceived  the  closed  polygon 
which  winds  round  all  the  twenty  corners  of  the  Dodecaedron  of 
EucUd  and  Plato.'* 

From  John  T.  Graves  to  Sir  W.  B.  Hamilton. 

*  Cheltenham,  November  13,  1856. 

^  ...  It  is  pleasant  to  me  to  find  that  you  have  not  been  at 
all  anticipated  by  Kirkman,  and  the  conception  of  your  [loosianj 
calculus  strikes  me  as  not  only  original,  but  likely  to  lead  to  a 
good  deal.' 

*  *  Plato,  in  the  part  of  the  Titmeus  to  which  I  lately  referred,  seems  to 
speak  of  the  Dodecaedron,  or  rather  to  hint  at  it,  as  the  most  mysterious  of  the 
solids,  and  as  perhaps  typifying  some  other  world  to  us  unknown— a  sort  of 
quintesiential  element.  At  least  such  is  my  impression,  unassisted  by  the  writ- 
ings of  any  commentator.' 
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CHAPTEE  XLII. 

'  LBTTEBS  ON  QUATERNIONS.'  AUBREY  DE  VERE's  '  HAY  CAROLS.' 
BRITISH  ASSOCIATION  IN  DUBLIN.  CORRESPONDENCE  WITH 
SALMON. 

(l867.) 

One  of  Hamilton's  neighbours  living  at  Farmleigh,  a  country* 
house  adjacent  to  the  Phoenix  Park,  was  Mrs.  Smythe,  an  English 
lady  of  much  intelligence  and  culture.  His  visits  to  her  house 
were  often  sought  for,  and  to  congenial  guests  there  assembled  he 
not  xmfrequently  gave  delight  by  reciting  or  reading  to  them 
poemsy  not  confined  to  his  own  and  his  sister's  (though  these  were 
in  request),  and  by  imparting  to  them  information  on  various 
sciences,  and  discussing  with  them  questions  on  connected  diffi- 
culties, linnsdus  and  Botany,  the  Bible  and  Geology,  Bums 
and  Tennyson,  I  find  by  his  note-books  were  subjects  so  discussed, 
and  I  give  at  foot  in  substance  two  of  these  memoranda,  which 
are  not  without  interest.* 

But  I  here  mention  this  lady  because,  by  seeking  from  Hamil- 
ton on  behalf  of  a  sister  (Mrs.  Frederick  White)  whose  tastes  were 
scientific,  a  general  notion  of  Quaternions  at  the  same  time  that 
Dr.  Nichol  of  Glasgow  was  urging  him  to  contribute  an  article  on 
the  subject  to  his  Cyclop(Bdia  of  Science^  she  was  the  cause  of  this 

* '  Is  it  not  Baoon  who  says  that  truth  will  more  easily  emerge  from  error 
than  from  confusion?  linnsus,  it  seems  to  me,  considered  himself  as  acting 
on  that  view,  and  regarded  his  confessedly  artificial  system  as  only  the  pioneer 
to  some  more  natural  system  of  Botany  (for  LinnsBus's  system  was  very  natural 
in  many  respects)  such  as  that  of  Jussieu  has  been  accounted  to  be,  and  which 
in  its  turn  may,  and  probably  will,  merge  in  some  still  more  natural  system. 
If  I  even  dimly  remember  the  Latin  words  of  linneBus  as  printed  in  a  delight- 
ful little  book  not  very  generally  known  even  to  botanists,  the  great  Swedish 
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article  taking  the  form  of  three  Letters  on  Quaternions,  the  first  of 

which  was  addressed  to  "  Mrs.  8 ."     He  felt,  however,  that 

what  he  had  to  write  in  addition  to  the  contents  of  that  first  letter 
could  not  with  probability  be  supposed  to  be  intelligible  to  a  lady 
who  was  no  more  than  a  dilettante  in  science,  and  on  this  account 
the  second  and  third  letters  were  addressed  to  an  imaginary 
gentleman.  They  give  a  very  full  view  of  the  nature  and  modes 
of  application  of  the  Quaternion  Calculus,  and  of  his  own  work 
upon  it  up  to  the  time  at  which  they  were  written :  and  in  them, 
as  in  all  his  writings,  he  takes  care  to  assign  to  other  mathema- 
ticians engaged  in  the  same  field  of  research  their  due  amount  of 
credit.  The  conclusion  of  the  third  letter  gives  an  interesting 
statement  of  his  views  and  feelings  with  regard  to  his  own  re- 
lation to  his  Calculus,  and  of  his  expectations  as  to  its  future. 
His  estimate  of  what  he  had  accomplished  in  the  use  of  it  as 
an  instrument  is  most  modest:  the  last  few  sentences  of  the 
letter  may  here  be  reproduced : 

*  0B8KKVA.T0RT  OF  TrINITT  COLLEGE,   DuBLIN, 

January  24,  1857. 

'  • .  •  The  quaternions  seem  to  me  to  admit  of  entering  into  an 
alliance  so  close,  yet  new,  with  evety  part  of  pure  and  applied  geo* 
metry,  and  at  the  same  time  to  require  such  large  additional  develop- 
ments, before  their  relations  of  analogy  and  contrast  to  existing 
methods  of  calculation  shall  be  fully  known,  that  I  count  myself 
merely  to  have  begun  them.  The  field  is  far  too  wide  to  be  tilled  by  a 
solitary  labourer,  even  with  occasional  assistance  from  a  few  friends, 


naturalist  did  say  **  PHmum  atque  ultimum  in  BotanidL  methodus  natnralis 
debet  esse." 

*  I  suppose  that  we  must  admit  some  symbolical  element  into  the  inter- 
pretation of  the  First  Chapter  of  Genesis.  At  least  the  obvious  and  literal 
interpretation  of  it  appears  to  be  no  more  consistent  with  known  facts  of  scienoe 
than  those  passages  which  speak  of  the  Earth  as  being  at  rest,  &o.,  in  other 
parts  of  the  Bible  .  .  .  What  right  or  reason  have  we  to  imagine  that  a 
acientific  revelation  was  entrusted  to  Moses P  and  for  the  Jews!  those  children 
to  whom  the  Jjaw  was  as  a  schoolmaster ;  though  1  know  that  to  them  were 
committed  in  a  most  high  and  sacred  sense  the  **  Oracles  of  God."  ' 
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who  feel  some  interest  in  his  exertions.  The  time  may  oome, 
thoagby  if  so,  it  will  be  due  to  other  explorers  rather  than  to  me, 
when,  the  mathematics  of  this  calculus  having  become  comparatively 
mature,  it  shall  admit  of  being  extensively  and  usefully  applied 
to  pht/sicSj  as  a  new  instrument  in  the  study  of  Nature.  In  the 
prospect  of  such  a  time,  I  feel  with  no  jealous  pain,  that  although 
it  may  have  been  permitted  to  me  to  accomplish  something  in 
this  enterprise  as  an  honourable  Suitor  of  Science,  yet  the  Bow 
awaits  its  Ulysses.* 

Early  in  the  summer  of  1857  an  additional  and  striking  proof 
was  afforded  of  Hamilton's  scrupulous  care  to  guard  the  rights  of 
others  as  well  as  his  own  in  scientific  discovery.  His  friend  Mr. 
John  Graves  had  sent  him  from  Cheltenham,  for  communication 
to  the  E.oyal  Irish  Academy,  a  Paper  entitled  ^  A  Fundatnental 
Theorem  respecting  Congruetices  affecting  a  Class  of  Complex  Integers 
uhich  involve  the  Imaginary  Cube  Roots  of  Vnity^ :  having  received 
permission  from  the  Council,  Hamilton  bad  given  formal  notice  of 
the  reading  of  this  Paper,  carefully  assigning  the  authorship  to 
Mr.  (xraves:  but  by  some  mistake  this  notice,  when  'printed, 
omitted  the  clause  naming  the  author,  and  thus  the  Paper  appeared 
to  be  a  contribution  from  Hamilton  himself.  He  instantly,  at  his 
own  expense,  had  500  copies  of  a  memorandum  correcting  the 
mistake  printed  for  distribution  among  the  members  of  the 
Academy :  he  did  this,  not  thinking  it  right  to  wait  for  the  next 
Academy  meeting,  at  which  in  point  of  fact,  he  read  the  Paper,  in 
conjunction  with  two  of  his  own,  but  taking  particular  care  to 
indicate  the  distinct  authorship.  It  may  not  be  unnecessary  to 
point  to  the  fact  that  the  Paper  was  one  of  which  he  was  willing 
to  be  the  sponsor,  and  the  results  of  which  he  employed  himself  in 
extending  by  means  of  Quaternions.     [See  MS.  Book,  1856.  4to.] 

As  another  indication  of  character,  I  insert  a  note  written  in 
the  summer  of  this  year  to  the  same  old  friend.  The  foible  of 
vanity  was  one  from  which  he  felt  that  he  was  not  exempt.  In 
this  note  he  ingenuously  betrays  his  consciousness  of  the  infirmity, 
the  evil  of  which  he  seeks  not  to  palliate ;  and  he  takes  a  legiti- 
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mate  pleasure  in  what  he  rightly  judged  to  be  a  proof  that  it  did 
not  deeply  penetrate  his  nature.  The  letter  from  Mr.  J.  T.  Graves, 
to  which  this  was  a  reply,  had  brought  to  his  knowledge  the  glow- 
ing recognition  of  the  discovery  of  Quaternions,  recently  pub- 
lished in  the  North  American  Heview*  and  at  the  same  time  had 
made  mention  of  the  illness  of  the  writer's  sister,  Madame  Kanke. 

*  Obsftrvatobt,  Jttly  26thy  1857. 

*  My  dear  John  Graves — I  remember  reading,  long  ago,  in 
Coleridge's  Biographia  Litermnay  or  in  some  other  work  of  his,  a 
passage  which  ran  somewhat  thus : — "  For  the  passion  of  Vanity 
is  a  loveless  passion — loud  on  the  hustings,  gay  in  the  ball-room, 
mute  and  sullen  by  the  family  fireside."  I  hope  that  it  may  be 
accepted  as  some  indication  of  what,  I  trust,  is  the  fact,  that  my 
moral  nature  has  not  been  hopelessly  corroded  by  vanity,  when  I 
tell  you  that  your  slight  mention  (though  made  with  all  due 
fraternal  affection,  and,  therefore,  not  deliberately  to  be  called 
slight)  of  your  sister  so  entirely  obliterated  all  recollection  of  the 
compliment  which  you  say  that  I  have  been  lately  paid  in 
America  about  the  Quaternions,  that  I  had  absolutely  ybr^o/^n 
all  that  part  of  your  recent  letter  when  I  was  lately  writing  to 
you.  Yet  I  remember,  with  great  interest,  that  my  scientifio 
labours  were  very  early  noticed  in  America.  But,  somehow,  I 
look  quite  coldly  now  on  compliments  of  all  sorts,  though  certainly 
not  less  genial  in  temperament,  nor  more  indolent  in  spirit  and 
exertion,  than  I  was  long  ago.  Here  is  a  whole  basket  of  egotism 
to  prove  that  I  am  not  egotistic  I  which,  after  all,  I  am,  but  still 
not  so  much  as  to  obscure  some  common  sense,  nor  to  deaden  any 
affection. — Affectionately  yours^  at  all  events, 

*  W.  R  H.' 


The  following  portion  of  the  correspondence  with  Mr.  De  Yere 
will  be  welcome  to  the  reader,  as  casting  additional  light  upon  the 
mutual  relations  of  the  two  friends : — 


•  SuprOy  vol.  ii.,  p.  455. 
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Fi'om  Aubrey  db  Verb  to  Sir  W.  E.  Hamilton. 

'  7  Farx-strekt,  WESTXnrsTSBy  July  29, 1857. 

*  On  my  arrival  here,  a  few  days  since,  I  was  greeted  by  a 
letter  from  yon  a  little  more  than  a  year  old  !  It  was  dated  July 
18th,  1856,  and  related  in  a  large  part  to  Mr.  Penny,  for  your 
kindness  to  whom  pray  accept  my  best  thanks.  •  .  .  I  only  wish 
I  had  had  an  opportunity  of  making  you  and  Dr.  Newman 
mutually  acquainted.  However  much  you  may  differ  on  some 
subjects,  there  are  a  hundred  which  would  alike  interest  you  both ; 
and  that  two  such  persons  should  have  been  so  long  near  each 
other,  without  even  meeting,  is  a  piece  of  bizarre  irony  on  the 
part  of  that  Social  Fate  which  holds  us  in  her  iron  meshes.  But 
you  both  seemed  full  of  occupations  and  engagements,  and  pro- 
bably had  no  time  for  new  ones.     He  is  now  at  Birmingham. 

^  I  have  had  a  charming  vnnter  and  spring  at  Bome.  All  the 
days  of  both  seasons  passed  in  a  satisfactory  way,  except  one  sad 
fortnight  spent  in  the  dying  room  of  my  poor  friend,  Eobert 
Wilberforce  (late  Archdeacon  Wilberforce).  It  really  seems  as  if 
Borne  were  inexhaustible.  Every  year  one  has  to  begin  again, 
and  open  on  a  new  world  of  interest.  On  my  way  back  I  visited 
several  marvellous  old  Etruscan  cities,  in  the  neighbourhood  of 
which  are  tombs  3000  years  old,  stored  with  all  manner  of  things, 
from  monuments  to  ear-rings,  as  fresh  as  the  day  they  were  made. 
At  Yenice  I  passed  three  weeks,  sailing  about  the  water-streets  of 
that  Queen  of  Cities— the  Cleopatra  of  the  waves,  and  the  most 
beautiful  of  earthly  pageants.  On  my  way  home  I  sojourned  for 
a  few  weeks  beside  the  Italian  lakes,  and  under  the  shadow  of 
Mont  Blanc ;  and  now  here  I  am  again  in  Babylon. 

*  I  do  not  know  whether  you  have  or  have  not  received  a  copy 
of  a  new  volume  of  poetry  by  me,  called  Mat/  Carols ;  but  I  am 
pretty  sure  I  directed  Longman  to  send  you  one.  It  is  an  attempt, 
like  my  hymn  on  the  Feant  of  St.  Peter's  Chair  at  Homey  to  put 
theology  into  verse ;  but,  to  make  it  less  dry,  I  have  broken  the 
poem  into  a  number  of  short  pieces,  thus  making  it  a  serial  poem, 
such  as  were  common  in  the  Elizabethan  age,  as  well  as  in  Italian 
literature — a  form  of  composition  revived  in  our  time  by  Words- 
worth {Sonnets  to  Liberty) ^  and  Tennyson  {In  Memoriam)^  and 
others.     I  have  endeavoured  in  each  piece  to  indicate,  as  briefly  as 
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possible  and  in  mere  outline,  ^ome  one  leading  idea  or  principle  bear- 
ing on  the  Blessed  Virgin,  and  therefore  illustrating  that  vast  and 
wondrous  doctrine — the  Incarnation — which  in  these  days  is  so 
little  really  taken  in.  The  position  assigned  to  Mary  in  the  Scheme 
of  Redemption  is  a  theology  in  itself ;  and,  without  mastering  it,  I 
own  it  seems  to  me  most  difficult  to  master  with  the  mind,  as  well 
as  realize  with  the  heart,  the  Divine  Economy  of  the  Incarnation, 
and  of  Mediation.  I  have  not,  you  will  observe,  shrunk  from 
making  statements  as  strong,  dodrinally  (apart  from  exaggerated 
or  rhetorical  language)^  as  have  ever  been  made  ;  but,  on  the  other 
hand,  I  have  endeavoured,  in  other  pieces,  to  affirm  with  equal 
plainness  those  other  great,  and,  as  I  think,  correlative  Christian 
Doctrines,  which,  in  the  eyes  of  many  Protestants,  appear  incom- 
patible with  the  assigning  of  so  exalted  a  place  to  Mary.  In 
other  words,  I  have  endeavoured  not  to  extenuate  the  "Cultus 
DeiparsB  "  and  present  it  in  a  flattering  form,  but  to  illustrate  it 
at  both  sides ;  not  drawing  a  "  Via  Media  "  line,  but  drawing  a 
circle  large  enough  to  include  the  converse  Truths  (the  one  set 
belonging  to  pure  Theism,  and  the  other  to  the  Incarnation), 
which  must  be  reconciled  in  the  theology  of  the  finite  creature 
elected  to  be  the  Mother,  in  His  Humanity,  of  her  Infinite  Creator. 
I  do  not  know  whether  the  book  is  at  all  calculated  to  recommend 
the  Roman  Catholic  teaching  on  this  subject ;  but  I  should  think 
it  may  help  to  make  it  more  intelligible  to  minds  willing  to  regard 
the  subject  with  candour,  and  with  the  attention  required  by  a 
subject  at  once  so  large  and  so  subtle  as  Theology.  At  the  same 
time,  I  should  think  it  not  unlikely  the  poem  may  somewhat 
frighten  those  who  have  been  in  the  habit  of  looking  at  the  sub- 
ject only  from  one  point  of  view,  and  with  the  associations  that 
have  gathered  round  the  Protestant  tradition.  You  must  tell  me 
candidly  what  you  think  of  it,  both  philosophically  and  as  a 
literary  experiment.  I  send  you  a  copy.  If  you  have  got  one 
already,  pray  transfer  it,  with  my  compliments,  to  your  friend 
Mrs.  Wilde.' 

D'om  Sir  W.  R.  Hamilton  to  Aubrey  Db  Verb. 

*  Obsebvatort,  July.  30,  1857. 

*  My  dear  Aubrey  De  Verb — We  have  not  written  to  each 
other  for  a  long  time-at  least  a  year ;  but  you  have  often  said, 
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what  I  always  recognised  to  be  the  truth,  that  you  and  I,  on  every 
oooasion  of  fresh  writing,  uent  on  precisely  as  if  there  had  been  no 
gap  in  onr  correspondence.  In  fact  my  love  to  you  has  never  been 
for  a  moment  impaired — nor  my  respect ;  although  I  am  farther 
than  eyer  from  participating  in  your  Bomeward  movement :  I  do 
not  call  it  change  ;  f or,  on  looking  back  on  those  old  days,  when 
we  seemed  so  much  to  agree,  not  only  in  sentiment,  but  also  in 
belief,  on  almost  every  subject,  I  can  see  that,  while  you  were  (in 
heart — and  I  do  not  mean  in  disguise)  a  Catholic  aiming  to  be  a 
Protestant,  because  your  father  was  so,  I  was  throughout  essentially 
a  Protestant,  though  with  many  Catholic  sympathies.  I  request 
you  to  believe  that  I  do  not  belong  to  the  class  of  irreverent 
scoffers  at  Popery.* 

From  Sir  W.  R.  Hamilton  to  Mrs.  Wilde. 

'  Obsbkyatoby,  April  13,  1858. 

'Can  I  better,  or  more  pleasantly,  commemorate  our  first 
meeting,  which  occurred  exactly  three  years  ago,  on  the  13th  of 
April,  1855,  at  the  hospitable  house  of  Colonel  and  Mrs.  Larcom, 
than  by  introducing  to  you  my  old  and  dear  (I  regret  that  I  am 
obliged  to  add  my  Popish)  friend,  Aubrey  De  Vere,  the  poet  and 
prose-writer,  with  some  of  whose  principal  works  in  prose  you  are 
already  acquainted  P 

'  Some  faint  remonstrance  notwithstanding,  the  modem  Boman- 
iam,  of  which  Aubrey  is  a  splendid  type,  tends  to  the  introduction 
of  a  Tetrad  into  the  human  notion  or  belief  of  the  Divine  Nature 
or  Essence. 

*  I  cannot  believe  that  this  result,  or  even  this  tendency,  is  at 
all  short  of  idolatry. 

'  It  is  idle  to  talk  of  Images  exposed,  and  falsely  pretended  to 
talk  or  wink :  the  Poems  of  Aubrey  De  Vere  sufficiently  exhibit 
the  essential  idolatry  (for  the  word  "  Mariolatry,"  though  just, 
may  be  dispensed  with  as  unnecessary)  of  the  Church  which  he 
has  adopted. 

*  I  did  not  intend  to  say  so  much :  in  general,  I  care  very  little 
whether  an  acquaintance  of  mine  is  of  this  or  that  religion ;  and, 
in  the  present  case,  I  retain  a  very  deep  affection  for  the  indivi- 
dual author  and  friend  of  whom  I  have  been  writing. 

'  He  will  never  be  a  Protestant  again ;    or,  to  speak  more 

VOL.  in.  G 
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accurately,  I  venture  to  pronounce,  from  what  I  knew  of  his  boy- 
hood, that  he  never  was  a  Protestant :  although,  of  course,  we  are 
bound  to  belicYe  that  he  thought  himself  to  be  such,  when  he  wrote 
that  grand  essay  on  English  Misrule  and  Irish  JUisdeedSy  of  which 
you  lately  accepted  the  loan,  and  which  you  joined  me  in  ad- 
miring.' 

The  last  week  of  August,  in  1857,  brought  to  Dublin  the 
members  of  the  British  Association  for  the  Advancement  of 
Science  for  their  second  meeting  in  the  Irish  metropolis.  It  will 
be  remembered  how  distinguished  a  part  was  taken  by  Hamilton 
at  the  first  meeting  in  1835,  when  he  acted  as  joint-secretary  with 
Professor  Lloyd,  under  the  Presidency  of  the  venerable  Provost, 
Dr.  Bartholomew  Lloyd.  Professor  Lloyd  had  now  become  Dr. 
Humphrey  Lloyd,  one  of  the  Senior  Fellows  of  Trinity  College, 
and  had  been  chosen  to  be  President  for  the  year.  Lloyd's  ex- 
pressed wish  had  been  that  this  honour  should  be  conferred  on 
Hamilton;  but  it  was  thought  that  his  own  claim  was  one  which 
ought  not  to  be  set  aside,  and  the  reader  will  recall  that  at 
Cheltenham,  at  the  meeting  of  the  previous  year,  Hamilton  had 
seconded  the  proposal  that  his  friend  should  be  appointed  to  the 
office.  As  a  Vice-President,  Hamilton  was  a  regular  attendant  at 
the  meetings,  and  he  made  a  communication  to  the  Mathematical 
Section,  On  some  Applications  of  Quaternions  to  Cones  of  the  Third 
Degree,  This  application  of  his  Calculus  to  Surfaces  of  the  Third 
Degree  was  considered  by  Hamilton  to  be  in  the  working  of  Qua- 
ternions a  step  forward  of  very  considerable  importance.  This  is 
proved  by  a  letter  written  on  the  14th  of  April  in  this  year  to  Dr. 
Lloyd,  which  for  that  reason  I  here  insert : — 

'  One  thing  that  has  delayed  me  has  been,  as  you  may  be  glad 
to  know,  my  having  had  occasion  to  write  to  Mr.  Salmon,  to 
announce  to  him  a  totally  new  application  of  the  Quaternions, 
namely,  one  to  Cones  (and  in  fact  to  Surfaces)  of  the  Third  Order. 
Strong  as  my  d  priori  confidence  in  the  Quaternions  has  been  for 
many  years,  on  account  of  the  laborious  investigation  to  which  I 
have  loDg  submitted  their  principles^  I  still  have  had  a  misgiving. 
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lest  their  practical  usefulness  might  he  hounded  within  the  (not 

narrow)  limits  of  the  theory  of  SurfaeeB  of  the  Second  Order.    At 

all  events,  I  was  content  for  many  years  to  limit  myself  io  the  study 

of  such  Surfaces,  as  ohjects  for  the  application  of  the  Quaternions. 

But  it  occurred  to  me,  as  I  was  walking  up  through  the  fields  last 

night,  after  attending  a  meeting  of  the  Royal  Irish  Academy, 

that  I  could  represent  the  General  Cone  of  the  Third  Degree  by  the 

very  simple  binomial  equation,  interpreted  on  the  principles  of  my 

Calculus, 

Sqpq'pfp^O',  (a) 

where  p  is  the  ranable  vector^  or  side  of  the  cone,  and  g,  q\  q"  are 
three  arbitrary  but  constant  quaternions.  Three  important  planes^ 
analogous  to  the  ttco  real  cyclic  planes  of  a  cone  of  the  second  order, 
are  thus  at  once  suggested  to  me,  namely,  those  denoted  by  the 
three  following  equations. 

8qp  =  0,  Sq'p  =  0,  Sq'^p  =  0.  (b) 

And  a  fourth  plane  (C),  which  is  a  sort  of  transversal  to  these 
three,  has  been  obtained  by  me  this  morning  through  calculations 
sufficiently  easy ;  but  which  plane,  with  the  former,  seems  likely 
to  play  an  important  part  hereafter.  I  am  ashamed  to  say  that  I 
have  never  read  Newton's  Enumeration  &c.  Now  that  I  have 
caught  hold  of  a  single  formula  (a),  which  must  include  all  old 
results  of  that  sort,  I  long  to  sit  at  his  feet.  .  .  .  '* 

The  Athenceum  (September  12,  1857,  p.  1148),  recording  the 
above  communication  to  the  Association,  adds  : — 

'  It  would  be  impossible  to  give  the  general  reader  any  clear 
idea  of  this  abstruse  paper;  but  at  its  conclusion  the  soundness  of 
the  principles  on  which  the  author  proceeded  was  made  strikingly 
manifest  to  the  Section  by  Mr.  Henry  J.  Smith  of  Oxford, 
explaining  in  fully  as  lucid  a  manner  as  that  of  Sir  W.  Hamilton 
(who  makes  everyone  that  hears  him  for  the  moment  think  that 
he  clearly  comprehends  the  whole  subject),  how  by  the  method  of 
Quaternions,  but  by  a  different  process  from  that  of  Sir  W.  Hamil- 
ton, he  had  in  some  of  the  examples  selected  by  Sir  W.  Hamilton, 
arrived  at  precisely  the  same  numerical  results.' 


*  Compare  Eletnents  of  QuateriiionSf  1866.,  p.  705. 
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By  a  letter  to  Mr.  Salmon,  of  August  30,  1857,  given  further 
on,  it  will  be  seen  that  Hamilton,  in  his  characteristio  way,  free 
from  all  jealousy  and  welcoming  co-operation,  was  anxious  to 
secure  for  Henry  Smith  an  opportunity  of  communicating  his 
results  in  full  to  the  meeting.  The  impression  made  by  this  ex- 
cellent mathematician,  accomplished  scholar,  and  public-spirited 
citizen  upon  his  countrymen  (for  though  an  alumnus  of  Oxford 
he  was  a  native  of  Ireland)  was  in  all  respects  at  one  with  that 
which,  wherever  he  was  known,  made  him  the  deUght  and  admira- 
tion of  his  friends.  The  intercourse  between  him  and  Hamilton 
did  not  cease  with  this  meeting ;  I  find  that  in  after  days  letters 
passed  between  them. 

Hamilton  also  expounded  to  the  Mathematical  Section  his 
Icosian  Calculus,  and  distributed  a  lithographed  illustration  of  the 
Icosian  Ghame.  And  he  made  an  oral  communication  in  connexion 
with  Quaternions,  for  which  I  find  some  incomplete  preparatory 
notes,  which  seem  to  me  to  contain  points  of  importance  in  the 
history  of  the  development  of  that  Calculus :  I  therefore  insert 
them  here. 

*  August  29/A,  1857.  ...  As  I  shall  have  occasion  in  my 
communication  of  this  morning  to  introduce  a  few  remarks  on 
geometrical  and  symbolical  imaginaries,  I  may  say  here  that  I 
have  long  ceased  to  call  my  symbols  i,  j,  k,  imaginaries.  They  are 
indeed  square  roots  of  negative  unity^  and  are  so  far  analogous,  in 
calculation,  to  the  old  ^Z- 1.  But  besides  those  other  differences, 
even  in  calculation^  on  which  I  have  often  remarked,  and  especially 
those  which  arise  &om  my  non-commutative  law  of  multiplication, 
when  I  came  to  see  how  very  easily  and  simply  the  i,  j,  k,  may  be 
constructed  in  geometry,  as  denoting  a  system  of  three  rectangular 
unit  lines^  I  soon  abandoned  the  name  imaginary,  as  relative  to 
i,  j,  k ;  and  I  felt,  for  some  time,  a  hope  that  we  might  thus  come 
to  get  rid  entirely  of  imaginarieSj  and  might  retain  only  realsy 
in  calculations  thus  applied  to  geometry.  But  just  as  in  many 
well-known  researches  of  modern  geometry — I  need  scarcely  men- 
tion the  celebrated  writings  of  Chasles — ^nor  need  I  speak  of  the 
works  of  our  own  Salmon — imaginary  points^  lines^  and  surfaces, 
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are  boldly  and  oopiously  and  usefuUj  employed ;  so  in  the  pro* 
Becution*  of  quaternions^  and  in  their  continued  application  to 
geometry^  I  found  it  absolutely  necessary  to  admit  geometrical 
imaginaries,  and  to  represent  them  by  symbols,  in  which  the  old 
and  ordinary  \/-l  was  combined  with  my  own  i,  j,  k,  and  which  I 
called  bivectors  and  biquatemions.* 

On  the  last  day  of  the  Association  week,  although  he  had  to 
attend  in  the  morning  the  funeral  of  a  relation,  he  made  a  special 
effort  to  be  present  at  the  final  meeting,  in  order  that  he  might 
manifest  to  the  end  his  loyal  homage  to  the  Presidency  of  his 
friend.  For  this  loyalty  he  could  not  have  received  a  more 
gratifying  reward  than  was  conveyed  in  the  earnest  thanks  ex- 
pressed to  him  at  the  time  by  the  wife  of  the  President ;  and  in 
the  letter,  written  by  her  shortly  afterwards,  which,  without 
asking  her  permission,  I  venture  here  to  insert.  No  one  who  has 
known  the  writer — what  she  is  in  herself,  and  what  she  was  to  her 
husband — wiU  be  surprised  at  its  high  feeling  and  noble  expres- 
sion. Hamilton,  with  his  habitual  sense  of  justice,  forwarded  the 
letter  to  Mrs.  Bobinson,  in  order  that  her  husband  might  enjoy 
his  coequal  share  in  this  generous  recognition  of  generous  feelings. 

From  Mrs.  Humphrey  Lloyd  to  Sir  W.  B.  Hamilton. 

'  Ejlc&oket,  September  15,  1867. 

*  My  dear  Sir  William — Having  at  last  an  hour  of  leisure, 
after  the  many  remnants  of  business  which  remained  to  be  arranged 
previous  to  our  leaving  home  for  a  few  weeks,  I  wish  to  send  you 
a  few  lines,  that  you  should  no  longer  marvel  at  the  warmth  with 
which  I  spoke  on  the  day  of  the  closing  meeting  :  as  indeed  I  do 
not  wonder  that  you  should  have  hitherto  done,  for  I  dare  say  I 
expressed  myself  with  an  energy  which  is  very  unusual  with  me. 
I  was,  at  the  moment,  under  the  influence  of  many  feelings  and 
recollections  which  very  deeply  moved  me;  and  in  the  words  I 
uttered  were  in  fact  contained  the  thoughts  which  reached  back  to 
former  times  and  to  other  persons  as  well  as  yourself.  I  had  seen 
on  that  day,  and  throughout  the  meeting,  Dr.  Robinson  and  your«^ 
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self  (many  others  I  might  also  name)  rejoicing  at,  and  assisting  in, 

all  that  was  to  bring  honour  to  Humphrey.  I  knew  well  that  this 
cordial  feeling,  however  generous  it  might  be,  was  nothing  uncom- 
mon, but  that  it  had  always  been  thus  ;  and  knowing  as  I  do  how 
rare  is  such  feeling — how  little  the  most  exalted  intellectual  merit 
exempts  from  a  lurking  jealousy,  when  the  claims  of  another  are 
in  any  degree  brought  forward — I  thought  it  was  no  less  beautiful 
than  to  me  most  delightful  to  mark  the  warm  appreciation  of  my 
husband's  character,  moral  and  intellectual,  which  you  then  and 
always  seem  to  take  pleasure  in  showing.  I  felt,  too,  how  very 
gratifying  it  is  that  he  has  been  so  little  entangled  in  any  angry 
strife  with  his  brethren,  and  how  precious  was  the  kindly  sym- 
pathy of  those  amongst  them  who  had  known  him  best  and  longest. 
Thus  you  will  perceive  that  my  words  to  you  were  the  expression 
of  a  complicated  emotion,  concentrated  upon  you  as  the  representa« 
tive  of  so  much  which  called  for  my  gratitude.  I  am  writing  in 
haste,  for  I  vsrish  to  send  these  few  liiies  before  I  leave  home ;  but 
I  think  you  will  not  be  at  a  loss  to  understand  what  I  mean  to 
convey,  nor  will  you  deem  the  feelings  which  influenced  me  either 
misplaced  or  mistaken.     Believe  me  sincerely  yours, 

*  Dora  Lloyd.' 


Early  in  the  May  of  1857  Hamilton  entered  upon  a  correspon- 
dence on  Quaternions  with  Dr.  Salmon,  at  that  time  Donegal 
Lecturer  in  Mathematics  in  the  University  of  Dublin,  and  no  less 
eminent  then  for  his  mathematical  than  he  heis  since  become,  as 
Begins  Professor  of  Divinity,,  for  his  theological  works.  In  this 
correspondence,  which  was  carried  on  to  the  end  of  September, 
Dr.  Salmon  places  himself  as  a  learner  at  the  feet  of  Hamilton,  . 
states  frankly  his  difficulties  and  objections,  gradually  overcomes 
his  original  repugnance  to  the  revolutionary  character  of  some  of  ^' 
the  processes,  and  while  retaining  a  doubt  whether  a  large  part  of 
the  working  equations  in  Quaternions  might  not  admit  of  being 
conveniently  translated  out  of  the  quaternion  notation,  concludes 
by  saying  (August  26th,  1857)  that,  *  even  if  this  were  so,  the 
admirable  consistency  and  harmony  of  the  whole  scheme  is  de- 
serving of  all  praise.' 
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In  reference  to  these  words  of  Dr.  Salmon,  it  may  be  here 
suggested  that  the  subsequent  history  of  Quaternions  has  esta- 
blished, at  least  in  certain  departments  of  research,  the  practical 
advantages  of  the  Calculus,  as  well  as  its  theoretical  perfection ; 
indeed,  this  result  is  anticipated  by  Dr.  Salmon  himself ;  for  an 
earlier  letter  of  his  (June  24th,  1857)  closes  with  the  following 
sentence  : — *  I  hope  you  will  not  be  lazy  about  the  Covariants  and 
Contravariants.  I  haye  no  doubt  that  great  fruits  will  come  from 
the  marriage  of  the  Qruatemions  with  the  Calculus  of  Forms,  and 
no  one  but  you  ought  to  give  away  the  bride.* 

This  correspondence  between  Salmon  and  Hamilton  is  one 
which  would  necessarily  prove  of  the  highest  interest  to  students 
of  Quaternions,  who  would  find  in  it  the  real  difficulties  of  the 
Calculus  urged  by  the  ablest  of  learners,  and  solved  by  a  teacher 
of  all  others  the  most  competent.  It  is  to  be  hoped,  therefore, 
that  in  due  time  it  may  be  transferred  to  print.  I  make  here  a 
few  extracts  touching  points  of  interest,  from  letters  of  Hamilton 
to  Dr.  Salmon  and  Dr.  Ingram. 

From  Letters  to  Dr.  Salmon. 

[A.  1857,  p.  ^lb'\—June  23,  1857.—*.  .  .  It  is  fair  to  say  that 
(when  too  late)  I  found  that  Grassmann  had  independently  (but 
perhaps  not  quite  so  soon — still  it  is  not  a  matter  worth  contesting) 
arrived  at  the  same  conception  and  notation,  respecting  the  Dif- 
ference OF  TWO  Points  (B  -  A),  regarded  as  their  directed  rfw- 
tance — ^what  he  calls  "  strecke,"  and  I  "  vector."  But  this  is  merely 
a  preparation  for  quaternions^  and  not  as  yet  in  any  degree  the  Doc- 
trine of  the  Quaternions  themselves, 

'  I  admire  Moebius  very  much  indeed,  but  he  has  (I  think  in 
his  Bart/centric  CalculuSy  &c.)  approached  less  iuarly  to  the  quater- 
nions than  Ghrassmann  in  his  Ausdehnungskkre.^ 

*  July  25 y  1857. — No  copy  was  preserved  of  the  note,  and 
indeed  I  hope  that  nobody  will  be  so  unkind  to  my  memory  as  to 
dream  of  printing  all  the  (perhaps  many  thousands  of)  notes  or 
letters  which  I  have  written  in  the  course  of  my  life ;  though  I 
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am  not  quite  so  modest  as  not  to  fancy  that  a  judicious  and  spannff 
— or,  if  you  like  the  word  better,  unsparing — selection  might  yield 
something  which  '*  the  world  would  not  willingly  let  die."  In  short, 
destroy  at  least  90  per  oent.^  and  the  last  tenth  might  be  perhaps 
preserved.' 

[A.  1857,  p.  481].— *  P.  S.  I  wonder  whether  Cayley  (or 
indeed  any  one  ehe)  is  as  yet  able  to  read  my  Appendix  G.  At 
this  moment  I  do  not  believe  it. 

*  I  see  that  my  P.  S.  has  not  been  a  partioularly  modest  one ;  but 
can  assure  you  that  Cayley  has  written  heaps  of  things,  which  / 
oould  not  without  deep  study  read.' 

[A.  1857,  p.  483].  July  27, 1857. — *.  .  .  Observe  for  a  moment 
the  vast  range  of  the  aim  of  what  my  brother  astronomer  Airy,  not 
usually  supposed  to  be  a  flatterer,  was  pleased  to  call,  on  receiving 
my  book,  the  "  large  science  of  Quaternions."  The  question  is  not 
what  Hamilton  may  be  able  to  make  of  it,  but  what  his  conception 
of  the  matter  is,  and  what  he  hopes  that  othen  will  yet  accomplish. 
And  the  aim  is  no  less  than  this :  to  impregnate  all  existing  algebra 
(including  the  Differential  and  Integral  Calculus,  Calculus  of 
Variations,  &c.),  and  all  pure  and  applied  geometry ^  mth  a  nbw 
ELEMENT  of  thought  and  calculation  (through  t,/.  A;,  &c,).  Algebra 
(including  the  covaiiants)  becomes  thus  in  thought — ^I  am  very  far 
from  saying  in  achievement — that  particular  case  of  the  quatemiona 
for  which  the  coefficients  of  i,y,  A:,  are  zero.  But  you  are  well  aware 
that  the  memory  must  be  trained^  in  any  department  of  study 
whatever,  before  results  and  rules  can  become  ready  to  be  applied. 
Still  I  do  not  despair  of  classifying  the  cAt^  rules  and  results  which 
I  myself  habitually,  and  almost  unconsciously,  employ  (all  ulti^ 
mately  derived  from  the  laws  of  t,  jy  k,  or  from  the  formula, 
t»  =  J**  =  4«  m.ijk^"  1)  so  as  to  assist  the  memory  of  a  student — 
and  even  to  draw  up  some  very  short  manual,  which  might  not 
task  too  much  the  patience  of  an  undergraduate.  At  present  I 
know  that  my  book  is  quite  unfit  to  enter  into  the  undergraduate 
course.' 

[A.  1857,  p.  515].  August  14, 1857. — 'Meanwhile  lam  charmed 
by  your  saying  that  if  your  result  does  not  agree  with  mine,  so 
much  the  worse  for  me! 
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'  That  is  the  true  and  rational  footing  to  put  the  thing  on ;  and 
far  more  really  flattering,  or  pleasing  to  me,  than  if  a  person  were 
to  say — as  there  is  a  story  about  a  oourtier  saying  to  Marie 
Antoinette,  in  those  days  when  (Edmimd  Burke)  '*  a  thousand 
swords  would  have  leaped  from  their  scabbards  "  to  avenge  the 
slightest  insult  to  her,  and  when  she  is  reported  to  have  inquired 
what  o'clock  was  it  P    "  Whatever  your  Majesty  pleases ! " 

'  Mine  is  a  constitutional  government -^nd  more,  in  it  the  king 
can  do  wrong.  I  admit  this  the  more  cheerfully,  because  a»  yet  I 
am  not  aware  that  you  have  caught  me  tripping.  But  you  may  do 
so ;  and  I  trust  that  when  the  time  comes  you  will  find  my  good 
humour  invincible. 

^  Go  on,  by  all  means,  and  don't  fancy  that  I  want  to  teach 
people  conies  instead  of  quaternions.  I  only  thought  that  cone% 
might  be  selected  as  a  sort  of  ham  of  illustrations.' 

From  Letter  to  Dr.  Ingram. 

[A.  1857,  p.  617].  August  14^A,  1857.—*  Salmon  is  getting 
on  so  awfully  fast  in  the  Quaternions,  that  if  I  don't  take  care 
we  shall  get  into  some  contest  of  priority! 

*  In  a  note  received  from  him  this  morning  he  says — at  the  end 
of  some  railway  pencilling — "I  have  not  got  your  Paper  to  see 
whether  this  agrees  with  your  result,  but  if  it  does  not,  so  much 
the  worse  for  you! "  You  conceive,  of  course,  that  this  is  just 
the  thing  I  like.  I  am  quite  tired  of  being  a  Fee-faw-fum,  in 
Quaternions,  or  in  anything  else.  The  highest  reward  that  can  be 
given  me  for  my  labours  in  that,  or  in  any  other  department  of 
science,  is  to  take  it  out  of  my  own  hands. 

*  As  regards  my  old  researches  in  Physical  Astronomy,  such  a 
result  has  already  taken  place,  to  my  great  satisfaotion.  Jacobi, 
very  early,  did  me  the  honour  to  take  them  up  as  a  conmientator : 
and,  of  course,  as  an  enlarger — nil  fere  non  tetigit;  nil  tetigit 
quod  non  omavit.  More  latterly.  Dr.  Houel,  whom  the  Com- 
mittee of  the  British  Association  intend  to  invite  to  Dublin,  has 
published  two  Theses  (running  to  a  large  number  of  quarto  pages) 
in  Paris,  for  his  degree  as  '^Docteur  es  Sciences,"  on  Mechanics 
and  on  Astronomy,  almost  entirely  relating  to  what  he  is  pleased 
to  call  my  "  discoveries."    In  a  lithograph  dated  Caen,  November 
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8th,  1856,  and  entitled  "  Note  but  le  Th^or^me  d'  Hamilton  et  de 
Jaoobi,  et  sur  8on  application  a  la  theorie  des  perturbations  plan^- 
taires,'*  Houel  says :  "  Mon  but,  en  r^digeant  cette  Note,  a  6te  de 
faire  voir  oombien,  de  toutes  les  m^thodes  qui  ont  ^t^  propos^es 
pour  arriver  aux  Equations  de  la  variation  des  constantes  arbi- 
traires,  eelle  que  Jacobi  a  d^duite  des  decouvertes  d'  Hamilton  est 
la  plus  directe  et  la  plus  simple." 

*  It  is  a  genuine  pleasure  to  me  to  believe  that  in  Salmon  I 
shall  have  a  worthy  sucoessor,  as  regards  my  more  purely  mathe- 
matical researches,  and  may  he  much  excel, -even  in  quaternions, 
myself!     Meanwhile  I  am,'  &o. 

*  P.  8. — Mac  Cullagh  once  said  to  me,  in  allusion  to  you,  that 
it  was  no  wonder  that  J.  K.  I.  should  have  a  friendly  feeling 
towards  ij  k,^ 

P.  S.  OF  A  Lettbr  to  Dr.  Salmon. 

[A.  1857,  p.  518].  Augmt  15/*,  1857.—*  By  this  time  you 
are  prepared  to  admit,  I  think,  these  three  things  at  least  about 
the  calculus  of  Quaternions : — 

*  I.  that   it  is  not  in  any  slavish  way  dependent  on  co- 
ordinates ; 

* II.  that  it  is  remarkably  rich  in  transformations;  and, 

*  III.  that  it  is  no  mere  calculus  of  rotations ; 

but  involves  a  reference  to  lengths^  translations,  and  (in  general)  to 
extensions,  as  essentially^  though  perhaps  not  quite  so  characteristi- 
cally, as  to  directions. 

'Your  question  about  the  two  meanings  of  i  is  one  of 
extreme  importance.  It  is  the  difficulty  in  the  theory  of  the 
geometrical  interpretation  of  Quaternions :  but  you  conceive  that  X 
cannot  give  up  the  result ;  though  I  must  explain  it  further.' 

[A.  1857,  p.  533].  September  \6th,  1857. — *  I  hope  you  do  not 
think  me  ho  foolish  as  to  imagine  that  quaternions  will  ever  super' 
sede  determinants.  All  that  I  pretend  is,  that  the  two  things  are 
not  identical]  and  that  on  occasions  (which  I  may,  perhaps  igno- 
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rantly,  flatter  myself  by  thinking  to  be  numerous)  the  quaternion 
may  have  some  advantage. 

^  As  you  seem  to  have  withdrawn,  for  the  present,  from  the 
subject,  let  me  at  least  ask  you  to  allow  me  to  thank  you  for  the 
kind  attention  which  you  have  lately  given  to  it. 

*  And  do  not  imagine  it  to  be  flattery,  if  I  add  that  I  con- 
sider you  to  be  very  likely  to  excel  my^If^  even  in  thisy  which  (of 
late  years)  may  be  regarded  as  my  own  department,  if  you  shall 
ever  be  induced  to  pursue  it.  ^'  To  him  that  hath  shall  be  given.'' 
Tou  possess  afar  larger  stock  of  geometrical  knowledge^  although  I 
have  always  had  something  of  a  geometrical  tastCy  and  carried 
away  all  the  honors  of  my  division  in  geometry,  when  I  was,  very 
long  ago,  an  undergraduate  in  our  University.  If  you  shall  ever 
seriously  take  up  the  Quaternions,  your  geometry  will  enable  you 
to  go  far  beyond  me  in  that  subject.' 

P.  S. — September  22n(/,  1857. — *  This  note  has  been  laid  aside 
somewhere  for  a  week,  and  during  the  interval  I  have  gone 
through  a  frightful  amount  of  algebraical  and  arithmetical  calcu* 
lation,  on  the  subject  of  a  certain  class  of  definite  integrals  which 
I  do  not  pretend  to  have  connected  with  Quaternions.  So  much 
the  better  I  You  or  any  other  friend  of  mine  could  not  desire  me 
to  become  the  slave  of  any  genie  of  the  ring,  or  lamp,  which  may 
have  once  answered  to  my  bidding. 

'  In  this  instance  I  am  falling  back  on  a  research  begun  as  long 
ago  as  1839.  In  my  Paper  on  "  Fluctuating  Functions,"  published 
in  our  Irish  Transactions  [vol.  xix.,  part  11.,  p.  313.] — which  Paper 
interested  Sir  John  Herschel,  and  was  partly  commented  on 
by  G-.  Stokes — ^I  gave  a  law  for  the  terms  of  a  descending  series 
designed  to  represent  the  integrals 


N 

2fi 

-     du»  cos  (2^  cos  a>) 

tJo 


(I  quote  from  memory),  where  t  is  positive  and  large.  A  hint 
from  Poisson  is  acknowledged.  Poisson  had  given,  according  to 
my  recollection,  a  term  or  two  of  the  descending  series,  but  not  the 
law,  which  is  by  no  means  obvious. 

[A.  1857,  pp.  536,  537j.    September  25th,  1857.—'  Call  them 
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[Quaternions]  a  method  of  polar  oo-ordinates,  by  all  means,  if 
you  choose.  I  am  ashamed  of  having  been  so  stiff  upon  that 
point.  Of  course  you  know  all  about  lengths  entering.  I  only 
doubted  whether  I  had  made  it  prominent  enough.' 

[A.  1867,  p.  630!]  August  ZOth,  1867.—*!  thought  your 
transformations  very  skilful,  and  my  impression  is,  that  some 
(indeed  all)  of  your/orw«  for  the  single-sheeted  hyperboloid  were 
new  to  me  (your  Paper  is  not  beside  me  at  this  moment).  But  you 
will  not  think  me  greedy  of  prion  ty^  if  I  should  happen  to  meet 
some  of  them  in  unprinted  books  of  mine,  and  if  I  shall  venture 
to  tell  you  so.  In  point  of  fact  I  am  only  too  careless  about 
priority :  and  yesterday,  for  instance,  I  was  quite  willing  to  admit 
to  Hart  that  whatever  Mr.  H[enry]  Smith's  formula  for  the 
number  of  cyclic  (or,  as  he  called  them,  circular)  planes  of  a  cone 
of  the  nth  order  might  have  been,  it  was  probably  one  which  I  had 
not  anticipated.  But  within  a  few  minutes  afterwards  I  recol- 
lected that  I  had  found  that  a  cubic  cone  had  fifteen  cyclic  planes ; 
and  of  course  that  I  mtAst  have  used  the  general  formula  n(2n-l), 
which  I  suppose  was  what  Mr.  Smith  had  stated  in  the  Section. 
We  ought  to  get  him  an  opportunity  for  coming  forward  with 
a  Paper  of  his  own.' 

An  extract  from  a  letter,  written  this  autumn  to  John  Nichol, 
brings  to  light  an  old  criticism  of  Lord  Brougham  which  confirms 
the  opinion  that,  great  as  were  the  intellectual  powers  of  the 
versatile  Chancellor,  he  was  deficient  in  higher  imaginativeness^ 
and  also  in  accuracy  as  to  facts.  It  may  be  balanced,  however,  by 
a  few  words  written  by  Hamilton,  concerning  the  great  speech 
which  Lord  Brougham  delivered  in  1858,  at  the  unveiling  of 
Newton's  statue  at  Grantham — that  *  it  was  worthy  of  the  occa- 
sion.' In  the  erection  of  this  statue  in  the  native  place  of  the 
great  mathematician,  Hamilton  had  taken  zealous  interest,  making 
endeavours,  though  with  little  success,  to  enlist  Irish  subscribers  to 
the  fund  raised  for  the  purpose. 
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From  Sib  W.  E.  Hamilton  to  John  Nichol. 

*  Obssbtatobt,  keab  Dublxit,  October  31,  1857. 

*From  ohildhood  I  have  been  accustomed  to  think  of  Holy 
Eve  (or  All  Hallows'  E'en)  as,  to  me,  a  poetical  day^  from  feeling 
and  association  ;  and  I  give  you  my  word  that  I  have  not  written 
a  single  xy%y  nor  even  a  poor  ijk^  since  I  awoke  this  morning ; 
although  I  plead  guilty  to  having  been  caught  for  a  while  by  one 
of  the  immortal  works  of  Lagrange.  I  may  have  told  you  that 
Lord  Brougham — gilding  the  pill  with  praise  more  high  than  I 
could  have  expected — was  pleased  to  allude,  unmistakably,  in  an 
old  Edinburgh  [^Review]^  under  the  head  Fake  Taste^  to  an  expres- 
sion of  mine*  which  had  spoken  of  Lagrange's  great  work,  the 
Ifecanigue  Analytiguej  as  a  "  sort  of  scientific  poem."  To  be  sure, 
his  lordship  committed,  on  that  occasion,  the  alight  mistake  of 
confounding  the  said  work  with  Laplace's  Micanique  Cileste  ! — at 
which  blunder  your  father  would  smile.  But  Lord  Brougham  is 
a  fine  fellow  for  all  that ;  and  I  think  that  De  Morgan  told  me  he 
bad  aeen  him  reading  my  Quatemiom  in  some  railway  carriage,  or 
elsewhere.  He  has  been  lately  writing  to  the  French  Institute  on 
some  supposed  difficulties  in  the  Integral  Calculus.' 

Towards  the  close  of  this  year,  prompted  by  the  receipt  from 
Professor  De  Morgan  of  a  pamphlet  on  Decimal  Coinage,  Hamilton 
entered  with  zeal  into  a  discussion  of  the  question,  showing  him- 
self to  be  a  decided  advocate  of  the  proposed  change.  In  the 
following  spring  he  was  officially  applied  to  by  Lord  Monteagle, 
then  Chancellor  of  the  Exchequer,  for  a  statement  of  his  opinion 
on  the  subject,  and  he  bestowed  upon  it  a  large  amount  of  careful 
thought.  As  there  can  be  little  doubt  that  a  change  in  this  direc- 
tion must  eventually  be  effected,  in  the  interest  of  intematioual 
intercourse,  of  commercial  account-keeping,  and  of  economy  of 
time,  and  money,  and  brains  in  national  education,  I  think  it 
right  that  the  name  of  Hamilton  should  be  allowed  its  weight  on 


*  In  tlie  first  Essay  on  Dynamics,  Philosophical  Transactions,  1834,  part  ii., 
p.  247 ;  also  in  his  Inaugural  Address  to  the  B.I.A.  as  President. 
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the  reforming  side,  in  conjunction  with  those  of  his  great  scientific 
contemporaries,  Hersohel,  Airy,  Babbage,  Peacock,  Whewell, 
and  De  Morgan  ;  and  with  this  view  I  insert  a  letter,  written  by 
him  to  an  unknown  correspondent,  which  sets  forth  his  views ;  and 
I  may  refer  those  interested  in  the  subject  to  the  Parliamentary 
Blue  Book,  in  which  is  inserted  the  draft  of  a  bill  drawn  up  by 
him  to  indicate  how  easily,  as  regarded  legislation,  the  change 
might  be  brought  about.*  He  learned,  however,  from  his  friend 
De  Morgan,  that  a  change  so  great  affecting  the  coinage  belonged 
to  the  prerogative  of  the  Crown ;  and  that  the  proper  action  of 
Parliament  in  the  matter  would  be  to  address  the  Crown,  pray- 
ing it  to  exercise  its  prerogative. 

The  details  of  the  proposed  reform  are  fully  discussed  in  the 
correspondence  of  Hamilton  with  De  Morgan. 

From  Sir  W.  R.  Hamilton  to  An  Unknown  Correspondent. 

*  Observatobt,  October  30,  1857. 

' ...  As  to  the  Coinage,  I  thank  you  for  sending  me  the 
printed  extracts,  which  I  intend  to  enclose  to  my  friend  Professor 
De  Morgan. 

*  The  very  clever  writer  is,  as  you  are  probably  aware,  quite 
on  the  opposite  tack  to  my  own :  he  is  what  he  himself  calls  a 
*^  Little-endian,"  while  I  am  decidedly,  in  the  same  mode  of 
speaking  (not  by  any  means  invented  by  myself),  a  *'  Big-endian." 
He  wishes  to  go  up  from  the  Penny ;  I  wish  to  go  down  from  the 
Pound.  This  question  must,  of  course,  remain  an  open  one  until 
an  Act  of  Parliament  shall  close  it.  But,  in  the  meantime,  I  must 
protest  against  the  notion  that  6000  tons  of  our  present  copper 
money,  or  even  so  much  as  a  single  ounce  thereof,  must  of  neces- 
sity be  withdrawn  from  circulation  if  the  Pound  and  Mil  system 
shall  be  adopted.  It  will  be  only  necessary  to  declare  that  hence- 
forward the  coiny  a  "Penny,"  shall  be  legally  the  "thousandth 
part  of  a  Pound."     Not  a  single  new  coin^  nor  any  one  new  icord^ 


*  8e$n<mal  Papers  of  1857,  Sess.  2,  vol.  XIX.,  Que$tian$  communicated  by 
Lord  Ocer stone,  with  Anstcers,  pp.  181,  182. 
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will  need  to  be  introduoed;  though  cents  and  mils  will  almost 
certainly  come  into  play.  A  new  relation  of  value  of  copper  coins 
to  our  silver  and  gold  ones  will  be  the  whole  and  the  slight  altera- 
tion which  will  be  absolutely  required.  This  bugbear  of  a  requisite 
recasting  of  our  copper  coinage  amuses  me ;  but  what  would  it  be, 
if  it  were  real,  to  the  enormous  and  really  intolerable  inconve- 
nienoe  of  parting  with  our  shillings  and  our  pounds,  or  of  having 
francs  circulating,  with  only  an  approximate  resemblance  to  the 
French  francs  in  value,  and  with  too  near  a  likeness  to  our  present 
shillings  in  their  form  P 

'  I  need  not,  of  course,  dear  sir,  remind  you  that  our  present 
word,  "  Penny,"  which  I  by  no  means  m%h  to  get  rid  of,  is  used 
now  by  us,  in  these  countades,  with  a  very  different  signification 
from  the  Scriptural  one ;  and,  therefore,  why  may  we  not  alter  its 
meaning  a  little  more  P  At  all  events,  I  hope  that  all  the  foregoing 
remarks  may  be  held  by  you  to  have  been  within  the  fair  limits  of 
discussion,  and  that  you  will  believe  me  to  remain,'  &c. 

A  Paper  by  Hamilton,  dated  Sept.  29,  1857,  appeared  in  the 
Phil.  Mag.  for  the  following  November.  It  was  entitled :  On  the 
Calculation  0/ the  Numerical  Values  of  a  certain  class  of  Multiple  and 
Definite  Integrals.  The  object  of  the  Paper  was  *  to  illustrate  some 
points  in  the  theory  of  functions  of  large  numbers,  and  in  that  of 
definite  and  multiple  integrals.'  In  it  he  extends  investigations  of 
Poisson,  and  deals  with  integers,  running  to  as  many  as  sixteen  digits, 
with  seven  decimals  attached ;  and  speaks  of  having  found  the  sum 
of  the  first  sixtt/  terms  of  one  integral  developed  by  means  of  an 
asoending  series.  Airy,  acknowledging  the  receipt  of  a  copy, 
thanks  the  author  for  ^your  Paper  on  tremendous  Integrals.' 
Hamilton,  however,  was  not  content  with  the  extent  of  treatment 
given  to  the  subject  in  this  Paper.  In  the  succeeding  year  he 
carries  on  its  discussion  in  many  letters,  two  of  them  of  porten- 
tous length,  addressed  to  Professor  De  Morgan.  The  first  of  these 
two  letters  (commenced  Feb.  15th,  1858,  and  finished  May  22nd), 
of  which  De  Morgan  writes,  that  it  deserves  to  be  entitled  a  collec- 
tion of  memoirs,  extends  to  seventy-two  closely-written  folio 
pages;  the  second  (dated  July  15th,  1858)  to  twenty-four  similar 
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pages.  In  the  latter  he  discusses,  in  comparison  with  his  own 
methods,  that  contained  in  a  Paper  contributed  by  Professor  Q.  G. 
Stokes,  Lucasian  Professor  of  Mathematics,  and  now  President  of 
the  Royal  Society,  to  the  Transactions  of  the  Cambridge  Philoso- 
phical Society  (vol.  ix.,  part  i). 

On  the  14th  of  December  in  this  year  Hamilton  wrote  to 
Professor  De  Morgan  a  letter  of  considerable  scientific  interest: 
its  object  was,  in  his  own  words,  to  set  forth  '  a  natural  mode  of 
transition  from  Argand's  method  to  my  own,  or  from  Double  to 
Quadruple  Algebra  * — *  how  that  passage  might  have  been  made  J 
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CHAPTER  XLIII. 

PBSTIVAL  OP  POETS.      VISIT  TO  EDGEWORTHSTOWN.       DONATl's 
CX)MET.      PROFESSOR  TAIT.      BURNS*  CENTENARY. 

(I868.) 

It  is  to  be  remembered  that,  whatever  might  be  the  scientific 
investigations  to  which  Hamilton  occasionally  turned  aside,  his 
main  occupation  during  the  years  now  arrived  at  was  the  prepara- 
tion of  his  Manual  of  Quaternions,  to  which  he  subsequently  gave 
the  name  of  Elen\ent%  of  Quaternions.  Becoming  aware  of  the 
imperfection  of  his  Lectures  as  a  treatise,  he  determined  to  make 
his  second  book  complete  and  satisfactory,  and  to  this  end  he  veiy 
carefully  laid  down  the  lines  upon  which  the  structure  was  to  be 
raised.  He  did  not  anticipate,  however,  the  magnitude  which  that 
structure  would  assume,  nor  the  time  which  its  building  up  would 
occupy.  He  thought  that  a  volume  of  400  pages  would  suffice  for 
a  work  which  700  did  not  bring  to  its  completion,  and  he  hoped 
to  publish  within  two  years  what  occupied  him  to  the  day  of  his 
death,  more  than  seven  years  after  the  commencement  of  the 
undertaking. 

It  was  from  this  great  task  that  he  allowed  himself  occasion- 
ally such  diversions  as  the  Paper  on  Definite  Integrals  recorded  in 
the  last  chapter,  and  the  long  letters  on  the  same  subject  which 
employed  a  portion  of  his  time  in  the  earlier  part  of  1858.  But 
'non  semper  arcum  tendit  Apollo.'  The  reader  will  be  glad  to 
catch  a  glimpse  of  the  laborious  mathematician  taking  a  real 
holiday  on  one  fine  day  of  this  Spring  (the  23rd  of  April),  when  a 
few  congenial  friends  visited  him  at  the  Observatory.  The  day 
was  frequently  referred  to  afterwards  by  himself  and  those  who 
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enjoyed  his  hospitality  as  a  festival  most  happily  devoted  to 
Friendship  and  the  Muse.  For  the  meeting  was  one  of  Poets. 
To  Hamilton  were  added  Auhrey  De  Vere,  his  dearly  loved 
oompanion-friend ;  Mrs.  Wilde,  the  erewhile  enthusiastic  '^  Spe- 
ranza "  of  the  Nation ;  John  Anster,  the  early  translator  of 
Famty  a  man  never  to  be  forgotten  by  those  who  could  appreciate 
his  fine  taste,  his  wide  knowledge,  and  the  summer-lightning  of 
his  flashing,  playful  wit;  and  Denis  Florence  MacCarthy,  aa 
accomplished  original  poet,  and  known  also  as  a  graceful  trans- 
lator of  some  of  the  plays  of  Galderon.  The  well-beloved  garden 
and  the  nearly-equally  loved  sloping  field  below  the  little  iron 
gate,  were  the  scenes  of  merry  and  serious  converse,  of  recitations 
and  readings,  including  both  original  effusions  and  poems  by  great 
masters  of  the  lyre,  recalled  to  memory  in  the  course  of  critical 
discussion.  A  letter  of  Aubrey  De  Yere's  may  be  accepted  as 
a  sufficient  reminiscence  of  the  reunion.  I  insert  it  in  preference 
to  a  longer  and  fervid  outpouring  of  MacCarthy's  on  account  of 
its  pictorial  description  of  Torquay,  the  place  from  which  it  was 
written. 


From  Aubrey  De  Vere  to  Sir  W.  E.  Hamilton. 

'  EiTHORE,  Torqttat,  Dbvokshiee,  May  14,  1858. 

* ...  I  hope  you  have  been  prosperous  since  I  saw  you.  I 
shall  not  soon  forget  the  pleasant  day  we  had  with  you:  our 
merry  dinner,  rambles  about  the  green  fields,  and  poetical  re- 
citations. I  thought  we  should  have  met  again  afterwards, 
but  you  never  made  your  appearance  in  Dublin;  nor  was  I 
more  fortunate  as  regards  your  friend  '^  Speranza,"  at  whose  house 
I  called  in  vain.  I  sent  her  also  the  day  after  our  party  my 
Search  after  ProBerpine^  and  Mr.  De  Vere's  Misrule  and  Mis^ 
deeds  (as  some  of  my  English  friends  call  my  vindication  of 
Ireland),  but  I  do  not  know  whether  they  ever  reached  her.  So, 
when  you  meet  her  next,  pray  tell  her  that  the  books  were  sent — 
the  poetical  one  to  abate  her  appetite  for  the  Waldenses^  and 
the  rebellious  one  to  revive  certain  sentiments  of  patriotism  which 
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were  onoe  hers,  and  which  would  never  have  been  severed  from 
Hope^  had  they  not  been  connected  too  much  with  certain  Repeal 
illusions,  and  too  little  with  Ireland's  true  cause — ^what  that  is 
I  will  not  say. 

'  Have  you  ever  been  on  this  southern  coast  of  England?  It  is 
very  lovely — bright,  beaming,  and  genial.  The  villas  are  so 
thickly  scattered,  that  if  the  blue  of  the  water  were  deeper,  and 
the  green  of  the  fields  and  trees  more  harmonised  with  brown, 
yellow,  and  that  penitential  and  ashy-grey  of  the  olive,  with 
which  Italy  atones  for  the  luxuriance  of  her  orange  groves,  one 
might  almost  imstgine  oneself  on  the  shores  of  Salerno.  The 
Ministry  seems  on  its  last  legs,  and  the  Whigs  likely  to  have 
their  turn  again.  I  suppose  the  oftener  the  poets  and  the  critics 
of  the  political  world — the  Q-ovemments  and  the  Oppositions — 
have  to  change  places,  the  better  for  the  sobriety  of  both  parties. 
Adieu.' 

A  reference  to  that  day  of  pleasure  made  by  Hamilton  himself 
in  a  letter  to  Mrs.  Wilde  will  interest  the  reader:  it  tells  elo- 
quently how  fitted  he  was  to  enjoy  one  of  the  chief  delights  of 
spring,  and  brings  out  into  full  view  the  conflict  of  feelings  which 
his  intercourse  with  his  beloved  friend  Aubrey  De  Yere  then 
stirred  up. 

*  May  \Zthy  1858.  ...  I  am  unable  to  recall — so  much  of 
human  music  was  there  in  the  poetical  party  at  which  you  were  so 
kind  as  lately  to  assist — whether  the  hird%  were  singing  at  that 
time.  This  morning  I  have  unlocked  the  hall-door,  that  I  might 
listen  more  freely  to  the  storm,  the  tempest,  the  whirlwind  of 
delight,  and  of  music,  with  which  the  birds  are  now  surrounding 
this  house  and  me. 

*May  I  pass  abruptly  to  a  quite  different  subject,  and  express  a 
hope  that  Aubrey  De  Vere  will  not  succeed  in  converting,  or  in 
perverting  youP  .  .  .  He  talked  with  or  to  me,  for  about  two 
hours,  during  our  walk  to  and  near  Abbotstown,  a  little  before 
your  last  visit,  continuously ;  no  beauty  of  Nature  seemed  able  to 
win  him,  for  even  a  moment,  from  his  intense  contemplation 
of  what  he  regards  as  the  ''Glories  of  Mary";  and  I  confess 

H  2 
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that  I  parted  from  him  with  a  feeling  of  fatigue*,  though  also 
with  a  Bense  of  admiration,  for  a  high  and  unselfish — ^which  yet  I 
must  judge  to  he  a  mistaken — aim.  But  I  do  not  forget  the 
conversation,  to  me  interesting,  whioh  I  enjoyed  with  you  about  a 
year  ago,  and  in  which  I  expressed  an  admiration  of  Aubrey,  as 
being  a  "  Knight  of  the  Virgin."  Tou  know,  perhaps,  the  Lago 
Lugano  of  Henry  Taylor,  but  will  suffer  me  to  copy  for  you  one 

stanza  here : — 

vir. 

**  Our  book  for  us :  of  amaranthine  hues 

The  flowers  that  to  the  free  but  searching  sight 
Did  then  disclose  their  inmost  beauty  bright ! 

Flowers  were  they  that  were  planted  by  the  Muse 

In  a  deep  soil  which  the  continual  dews 
Of  blessing  had  enriched :  no  lesser  light 
Than  what  was  lit  in  Sidney's  spirit  dear. 

Or  given  to  saintly  Herbert's  to  diffuse, 
Now  lives  in  thine,  De  Vere." 

The  lines  are  not  very  fine,  and  on  the  whole  the  author  of 
Van  Artevelde  may  be  said  to  excel  rather  in  good  sense  than 
in  poetry.  But  I  accept  fully  his  praise  of  my  friend.  In  one  of 
my  conversations,  at  Castle  Ashby,  with  Lady  Marian  Compton, 
since  Alford  (who  designed  that  beautiful  engraving  of  the 
Virgin  and  Passion  Flower  which  you  have  seen),  I. said  that 
in  all  my  many  talks  with  Aubrey  there  had  been  nothing  said 
which  a  lady  might  not  hear.* 

A  few  brief  excerpts  from  notes  to  Aubrey  De  Vere  tell  of 
meetings  with  men  by  whose  conversation  he  was  interested : — 

*  May  28,  1858. — Professor  Hennessy,  along  with  Mr.  Ghraham 
(the  discoverer  of  the  Irish  Planet,  Metis,)  breakfasted  here 
yesterday,  and  we  enjoyed  much  intellectual  talk,  which  had 
scarcely  any  relation  to  science,  technically  so  called.    Hennessy 

*Will  you  quote  against  me  the  lines  of  Milton  (Book  viii.) — 

<'  He  ended,  or  I  heard  no  more,  for  now 
My  earthly  by  his  heavenly  overpowered, 
Whioh  it  had  long  stood  under,  strain'd  to  the  height, 
In  that  celestial  colloquy  sublime,  ...'*? 
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has  ginoe  sent  me  a  oopy  of  the  IHe%  irm^  dies  ilUiy  of  which  I  had 
only  seen  a  part,  namely,  the  extract  in  Goethe's  FausL* 

Hamilton  expresses  his  admiration  of  this  grand  old  Hynm, 
but  his  characterisation  of  it  does  not  seem  to  me  to  be  sufficiently 
striking  or  appropriate  to  call  for  reproduction. 

*  June  10.  . .  .  I  haTe  been  very  busy  since  we  met,  though  I 
have  also  had  a  dinner-party  here — ^more  formal  than  the  one  you 
last  assisted  at.  It  was,  however,  as  I  hope  my  guests  thought,  a 
pleasant  party.  Waller  and  Anster  were  two  of  the  company, 
and  there  were  some  young  men  too.' 

A  reminder  to  Anster  of  the  invitation  to  this  party  brings 
out  some  points  of  character  and  circumstance  not  without  in- 
terest. 

*  June  3. — Dr.  Waller  uill  come ;  so  perhaps  you  can  come 
together;  but  if  anything  induces  or  enables  you  to  come  an  hour 
or  two  earlier,  do  so.  You  will  find  a  garden  and  books,  among 
which,  I  regret  to  say  it,  thanks  to  the  partiality  of  a  learned 
lady  of  several  years  ago,  you  will  not  find  a  copy  of  the  trans- 
lation of  Faust  by  a  certain  Doctor  of  my  acquaintance.  Do  you 
know  that  I  think  that  one  of  the  vainest  points  about  me — 
though  that  mAj  be  saying  a  great  deal — is  the  pleasure  which  I 
feel  in  being,  as  a  "Doctor,"  a  fellow  of  yours  and  of  Waller's? 
I  have  knelt  before  two  Yice-Chanoellors,  to  receive  a  Doctor's 
degree,  and  have  (must  I  confess  itP)  strutted  as  a  "Don"  in 
Cambridge,  insignificant  as  I  may  be  in  Dublin  society :  except 
that  you  and  Mrs.  Anster,  and  a  few  others,  admit  me  to  a  certain 
cordiality.'  To  Aubrey  Db  Verb.  *  June  12. — Something  in- 
terrupted me  yesterday,  and  I  have  been  occupied  for  several 
hours  to-day  in  receiving  a  large  party  of  students  from  the 
College,  who  came  (by  appointment]  to  see  the  instruments,  and 
who  have  since  taken  an  early  dinner  with  me.'  ^June  14. — 
Another  line  of  mere  acknowledgment,  to  say  that  I  have  been 
integrating  differential  equations  at  a  great  rate  lately,  and  that 
when  I  hoped  to  answer  some  of  your  notes  this  morning  I  was 
called  on  by  a  very  agreeable  young  American  gentleman,  Mr. 
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Irving  Grenell  of  New  York,  a  nephew  of  Washington  Irving 
(about  whom  he  told  me  some  interesting  things),  and  a  connexion 
of  some  other  celebrated  people.  Another  uncle  of  his  fitted  out 
chiefly,  if  not  solely,  at  his  own  expense,  an  expedition  in  search 
of  Sir  John  Franklin.  I  can't  write  another  line  at  this  moment, 
as  Mr.  Gxenell's  visit  has  occupied  most  of  my  morning:  we 
walked  together  through  the  fields  to  Dunsinea,  for  Miss  Bath- 
borne  had  invited  us  all  to  lunch  there ;  but  (being  busy)  I  left 
him  at  her  hall-door,  though  some  of  my  inmates  remained  there 
to  luncheon,  and  though  I  had  forgotten  to  eat  anything  to-day.' 

Hamilton,  it  will  have  been  remarked,  felt  himself  insigni- 
ficant in  Dublin  society ;  yet,  besides  the  exceptions  to  which  he 
refers,  there  were  eminent  members  of  that  society,  in  various 
degrees  of  intercourse  with  him,  by  whom  he  was  justly  appreci- 
ated. Of  these  was  the  then  Lord  Lieutenant,  the  accomplished 
Earl  of  Carlisle,  who  with  the  following  words  concludes  a  note,  in 
which  he  gracefully  thanks  Hamilton  for  some  presentation  copies 
of  his  recent  mathematical  and  poetical  productions : — *  March  8, 
.  .  .  And  now  let  me  me  heartily  thank  you  for  all  the  considera- 
tion and  kindness  I  have  met  with  from  you.' 

At  the  end  of  July,  by  the  invitation  of  Mrs.  Edgeworth, 
Sir  William  and  his  eldest  son,  William  Edwin,  joined  a  large 
party  at  Edgeworthstown  to  celebrate  a  festival  in  honour  of 
William  Edgeworth,  whose  father,  no  longer  among  the  living, 
had  been  Hamilton's  old  friend,  Francis  Beaufort  Edgeworth, 
and  who  himself  had  been  schoolfellow  of  the  son  who  now  was 
Hamilton's  companion.  On  the  return  of  Lieutenant  Edgeworth 
with  his  regiment  from  India,  the  tenants  of  Edgeworthstown  had 
combined  to  testify  their  joy  by  the  presentation  of  a  sword  of 
honour,  and  were,  in  reciprocal  kindness,  invited  to  a  banquet  at 
which  congratulatory  speeches  were  made  in  good  old  Irish  fashion. 
Hamilton  enjoyed  greatly  this  opportunity  of  meeting  the  mem- 
bers of  a  family  with  whom  he  had  been  long  bound  in  friend- 
ship and  intellectual  sympathy.  Besides  the  respected  lady  at 
the  head  of  the  family,  who  was  his  hostess,  he  met  Dean  and 
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Mrs.  Butler,  Mrs.  F.  B.  Edgeworth,  the  widow  of  his  friend  and 
mother  of  the  hero  of  the  day  and  of  other  children.  To  one  of 
these,  who  now  ranked  as  Miss  Edgeworth,  he  addressed  the 
sonnet  which  I  here  present  to  the  reader  as  the  latest  extant  of 
his  verse  compositions.  A  letter  to  his  daughter,  written  a  day  or 
two  after  the  festival,  tells  of  his  having  visited  the  church.  *  On 
Friday  I  went  with  Eichard  to  the  church  tower,  and  climbed 
(not  without  danger)  to  the  top  of  the  tower,  whereon  the  spire 
rests,  having  been  erected  on  a  peculiar  plan  by  the  late  Bichard 
Lovell  Edgeworth,*  father  of  Miss  Edgeworth,  the  Authoress.' 

The  interior  of  the  church  contained  memorial  tablets  of  the 
Edgeworth  family,  and  among  these  one  met  his  eyes  recording  in 
brief  simplicity  the  birth  and  death  of  Maria  Edgeworth.  Under 
the  impression  of  this  sight,  his  thoughts  toned  down  to  a  corre- 
spondingly stem  simplicity,  he  wrote  the  following  lines : — 

To  MARY  EDGEWORTH. 

Mary !  yonr  great  Maria  ne'er  from  me 

Took  tribute  of  such  song  as  I  could  giye : 

Though  deep  entreasured  in  my  bosom  live 

Thoughts  of  her  frank  and  loving  courtesy, 

Her  wisdom,  wit,  and  truth.    'Twas  sweet  to  see, 

Yet  sad,  to-day,  memorial  tablets  brief, 

Less  speaking  of  the  fond  survivors*  grief. 

Than  uttering,  in  that  simplicity. 

Which  with  her  noble  nature  suited  well. 

Such  record  grave,  and  not  of  her  alone, 

As  fitly  might  on  monumental  stone, 

Within  those  holy  walls  to  which  the  bell 

From  tower  ancestral  calls  with  solemn  tone, 

Her  birth,  her  death,  her  name  of  Edgewosth  tell. 

'Edoewobihstowk,  July  IZrd^  1858. 

The  autumn  of  this  year  was  saddened  to  him  by  the  danger- 
ous illness  of  his  daughter,  then  staying  with  her  cousins  at  Trim. 
Her  illness  was  of  so  alarming  a  character  as  to  oblige  him  to  give 
up  the  intention  of  attending  the  meeting  of  the  British  Associa- 

*  See  JVicAo&on'f  Journal,  vol.  xxx.  p.  241,  December,  1811. 
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tiou  at  Leeds,  and  to  summon  down  to  Trim,  for  repeated  consul- 
tation, his  friend  Dr.  Stokes,  by  whose  wise  treatment  the  life  so 
precious  to  her  father  was,  after  long  struggle  and  a  tedious  oonva- 
lescenoe,  restored  to  comparative  health.  Upon  his  return  to  the 
Observatory,  in  September,  the  great  comet  of  Donati  occupied 
Hamilton's  attention  as  Astronomer,  and  he  inddentallj  makes 
mention  of  his  being  engaged  through  two  entire  nights  succes- 
sively in  observation  of  the  splendid  apparition.  Much  was  he 
beset  by  inquiries  on  this  subject  from  amateur  astronomers,  but 
one  of  these  correspondents,  the  Hon.  Mrs.  Ward,  to  whom  he  had 
been  introduced  in  the  previous  June  by  his  friend  Mrs.  Smythe, 
of  Farmleigh,  proved  herself  so  well-informed,  and  so  much  in 
earnest  as  a  student  of  the  science,  that  he  could  not  but  cordially 
assist  her  design  of  adding  to  her  record  of  recent  comets  some 
history  of  one  which  surpassed  them  all  in  lustre  and  magnificence, 
and  he  obtained  for  her  the  grant  from  the  Boyal  Astronomical 
Society  of  its  Monthly  Notices.  This  accomplished  lady,  who  was 
a  cousin  of  Lord  Bosse,  and  by  marriage  connected  with  the 
family  of  Lord  Bangor,  published,  in  1859,  a  book  entitled,  Tek- 
9Cope  Teachings,  illustrated  by  her  own  drawings,  and  giving  much 
information  respecting  Donati's  Comet.  She  had  previously  pub- 
lished a  similar  work,  entitled  The  World  of  Wondersj  of  which 
Hamilton  writes,  *  it  might  as  well  have  been  called  Microscope 
Teachings*;  and  also  a  work  on  Entomology.  Her  life  was  brought 
to  an  untimely  close  by  a  carriage  accident  in  the  neighbour- 
hood of  Birr  Castle,  where,  as  she  reports  in  one  of  her  notes  to 
Hamilton,  on  the  gallery  of  the  Great  Telescope  she  ^  had  more 
than  once  stood  in  bitter  frost  long  after  midnight.' 

But  the  month  of  August  brought  to  Hamilton  an  introduction 
of  a  scientific  correspondent,  who  met  him  on  the  ground  of  his 
own  special  investigations,  and  was  qualified  to  be  in  them  not 
only  a  learner  but  a  companion-explorer.  A  letter  from  Dr. 
Andrews,  Vice-President  of  the  Queen's  College,  Belfast,  sought 
from  Hamilton  the  favour  of  allowing  Pbter  Guthrie  Tait, 
then  Professor  of  Mathematics  in  that  College  (now  the  well- 


\^ 
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known  Professor  of  Natural  Philosophy  in  the  TJniversity  of 
Edinburgh),  to  correspond  with  him  upon  the  subjeot  of  Quater- 
nions. The  favour  was  granted,  and  it  may  be  said  that  if  it  was 
a  great  advantage  to  Professor  Tait  to  be  instructed  and  guided  by 
its  discoverer  in  this  new  region  of  science,  Hamilton,  also,  while 
carrying  on  Iub  great  solitary  labour,  had  reason  to  feel  grateful  to 
his  able  and  zealous  disciple  for  valuable  sympathy  and  stimulus. 
The  correspondence  which  began  in  this  autumn  was  continued 
np  to  the  last  year  of  Hamilton's  life  with  a  persistency  and 
vigour  which  must  have  appeared  wonderful  to  the  younger  man. 
One  incident  of  it  must  be  recorded. 

Professor  Tait  had  in  view  to  publish,  with  Hamilton's  sanc- 
tion, a  set  of  examples  in  Quaternions  which  might  afford  popular 
proof  of  the  utility  of  the  calculus ;  Hamilton,  on  the  other  hand, 
desired  that  its  publication  might  be  deferred  until  his  own  work 
should  appear.  So  wide  was  the  range,  so  ample  was  the  detail  of 
this  work,  that  its  progress  was  disappointingly  slow,  and  Professor 
T  ait's  natural  eagerness  to  bring  out  his  own  book,  of  which  a 
public  announcement  had  been  made,  and  to  turn  to  other  re- 
searches, did  at  one  time  cause  Hamilton  uneasiness,  lest  the  in- 
terest of  his  Elements  of  Quaternions  might  be  thus  forestalled.  But 
this  uneasiness  was  happily  dissipated.  Hamilton  refrained  from 
all  expression  of  complaint  or  remonstrance,  and  was  thus  enabled 
to  welcome,  as  it  deserved,  the  honourable  spontaneous  action  of 
Tait,  who  not  only  took  an  early  opportunity  of  publicly  acknow- 
ledging, in  amplest  terms  of  homage,  the  supremacy  of  the  dis- 
coverer in  the  territory  of  Quaternions,  but  gave  frank  engagement 
not  to  anticipate  Hamilton's  publication.  The  cloud  passed  from 
Hamilton's  mind :  he  was  pleased  and  satisfied  with  the  loyalty 
of  his  disciple,  and  iq  one  of  the  latest  notes  of  his  Elements*  he 
designates  him  as  '  eminently  fitted  to  carry  on,  happily  and  use- 
fully, this  new  branch  of  mathematical  science,  and  likely  to 
become  in  it  •  .  .  one  of  the  chief  successors  of  its  inventor.' 

*  EkmenU  of  Quaternions,  p.  756. 
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A  very  early  letter  from  Professor  Tait  contained  a  paragraph 
which  gave  deep  intellectual  gratification  to  Hamilton,  both  as  a 
testimony  to  the  merits  of  his  Calculus,  and  as  an  indication  of 
the  competency  of  the  learner  who  was  beginning  to  wield  the 
instrument. 

From  Professor  Tait  to  Sir  W.  R.  Hamilton. 

<  Qxteek's  Golubgb,  Bel7ast,  January  3,  1859. 

* .  .  .  About  Quaternions  in  general,  I  may  remark  (as  indeed 
I  very  frequently  feel),  that  the  processes  are  sometimes  perplexingly 
easy — by  which  I  mean  that  one  is  often  led  in  a  step  or  two,  and 
without  at  once  knowing  it,  to  the  solution  of  what  would  be,  by 
ordinary  methods,  a  work  not  so  much  of  difficulty  as  of  labour. 
This,  however,  I  take  it,  must  form  one  of  its  great  excellences  in 
the  hands  of  a  person  very  well  acquainted  with  it.  A  drawback 
to  a  beginner,  but  (as  I  am  gradually  being  led  to  perceive)  an 
immense  advantage  to  one  well  skilled  in  the  analysis,  is  the 
enormous  variety  of  transformations  of  which  even  the  simplest 
formulaa  are  susceptible :  a  variety  fully  justifying  a  remark  of 
yours  {Lectures,  Art.  604)  which,  not  many  months  ago,  used  some- 
times to  puzzle  me.  If  I  had  gained  nothing  more  by  reading  this 
subject  than  the  facility  of  making  problems  and  transformations 
for  examination  papers  (especially  in  Trigonometry),  and  so  saving 
an  immense  amount  of  time  and  trouble,  I  should  have  considered 
myself  amply  rewarded ;  but  I  hope  in  time  to  be  able  to  apply  it 
to  perfectly  original  work  (if  anything  can  be  quite  original  in 
these  days).  I  make  these  remarks  because  you  expressed  your- 
self willing  to  hear  anything  I  had  to  say  on  the  subject,  and 
because  at  present  they  are  indissolubly  connected  with  all  my 
ideas  on  Quaternions  .  .  .' 

This  letter  was  seen  by  Dr.  Bomney  Bobinson,  who  thus  com- 
ments upon  it : — 

lyom  T.  EoMNEY  Robinson,  d.d.,  to  Sir  W.  R.  Hamilton. 

(  Obsebtatobt,  April  18,  1859. 

*  I  know  Tait,  and  think  highly  of  him.  It  is  very  satisfactory 
to  see  one  of  such  energy  taking  up  the  Quaternions  with  a  firm 
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grasp,  and  from  his  position  he  is  likely  to  spread  a  knowledge  of 
their  yalue  and  power.  The  surprise  which  he  expresses  at  the 
startling  simplicity  of  some  of  the  processes  must,  I  think,  be  felt 
by  everyone,  and  is  perhaps  that  which  first  opens  the  mind  to 
a  f uU  conviction  of  the  extraordinary  value  of  this  branch  of 
analytic  science.' 

It  is  only  due  to  Professor  Tait  that  I  should  not  withhold 
another  passage  from  a  letter  written  by  Hamilton  in  December, 
1858,  on  accotmt  of  the  testimony  it  bears  to  the  progress  made 
by  Tait  in  the  early  stage  of  his  study  of  Quaternions. 

' .  .  .  I  have  read  .  .  .  the  first  sheet  of  your  ''  Quaternion 
Proofs,''  and  must  say  that  they  appear  to  me  to  be  wonderfully 
elegant,  and  to  exhibit  a  very  remarkable  degree  of  maatery  (so 
far)  over  the  Calculus  of  Quaternions,  used  as  an  instrument  of  ex^ 
pressiony  and  of  investigation.  It  would  interest  me  much  to  know 
whether  (previously  to  our  present  correspondence)  you  had  re- 
ceived any  assistance  from  any  other  student  of  that  Calculus.  Or 
did  you  learn  all  that  you  had  acquired  from  the  Book  itself,  com- 
bined no  doubt  with  your  own  private  exercises,  of  various  sorts  P 
If  the  Lectures  on  Quaternions  have  been  your  only  teacher,  I  must 
consider  the  residt  of  such  a  state  of  things  to  be  not  only  credit- 
able to  your  own  talents  and  diligence,  but  also  complimentary  to, 
and  evidence  of,  some  didactic  capabilities  of  my  volume ;  which 
ought  to  tend  to  console  me  under  my  artistic  consciousness  (as  an 
author)  of  so  many  faults  of  execution,  that  if  I  could  afford  the  ex- 
pense of  bringing  out  a  netv  editiony  I  should  be  more  likely  to  make 
it  a  new  work.  In  Dublin,  indeed,  there  exists  a  little  "  School " 
of  Quatemionists,  developed  partly  by  the  Lectures  and  Examina- 
tions which  C.  Graves  and  myself  have  given  and  held ;  and  the 
Professor's  brother,  my  old  friend,  John  T.  Gfraves  (repeatedly 
mentioned  in  my  Preface),  called  my  attention  about  a  year  ago  to 
a  highly  favourable  and  very  elegant  article  in  the  North^American 
Review,  for  July,  1867,  on  the  subject  of  the  Quaternions  and  of 
my  book.  But  a  conscientious  author  wishes  rather  to  be  read 
than  to  be  praised;  and  therefore  I  should  like  to  be  informed 
what  drew  your  attention  to  my  book,  and  whether  you  had  any 
personal  assistance  in  studying  it  P ' 
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In  reply,  Professor  Tait  gives  an  interesting  history  of  his 
study  of  the  subject  from  the  beginning,  and  conoludes — 

*  So  you  see  that  if  there  is  any  credit  in  my  progress,  it  is 
entirely  to  your  lectures  and  letters  that  it  is  due/ 

An  early  letter  in  this  correspondence  contains  a  short  sentence, 
which  I  must  here  introduce  on  account  of  the  light  it  casts  on 
Hamilton's  early  scientific  ambition.  In  it  M.  Chasles,  the  His- 
torian  of  Mathematics,  is  called  to  account  for  attributing  to 
Descartes  the  discovery  of  a  general  property  of  cones  of  the 
second  order,  which  had  been  stated  more  than  2000  years  before 
by  the  *'  Great  Geometer,'  Apollonius  PergsBus.  Hamilton's  men- 
tion of  the  name  of  Descartes  prompts  the  parenthetic  addition — 
*  who  has  been,  however,  to  me  an  object  of  admiration — ^might  I 
dare  to  say  of  rivalry — from  my  boyhood/ 

In  the  last  month  of  1858  Hamilton,  in  a  letter  to  John 
Nichol,  speaks  of  being  *  deeply  gratified  by  a  recent  compliment 
from  Glasgow.'  What  this  was  appe€u*s  from  a  passage  in  a  letter 
of  the  succeeding  month  to  Professor  Tait,  in  which  he  says,  *  I 
had  intended  to  talk  a  little  about  the  approaching  Gentenaiy 
Festival  in  honour  of  Bums,  to  be  held  at  Glasgow  on  the  25th  of 
the  present  month,  to  which  I  have  received  a  special  invitation. 
I  consider  that  invitation  to  attend  ^*as  a  guest"  upon  the  occasion 
a  highly  gratifying  compliment,  and  I  wish  very  much  that  I 
could  avail  myself  of  it,  but  fear  I  shall  not  be  able  to  do  so.  .  .  . 
I  am  partly  Scotch  by  my  father's  side,  and  always  enjoy  very 
much  my  little  run  to  Scotland.'  It  would  appear  that,  finding 
how  deeply  Hamilton's  feelings  had  been  moved  and  gratified  by 
the  public  invitation  to  attend  the  Festival,  his  friends  Dr.  and 
Mrs.  Nichol  urged  him  to  make  the  necessary  exertion,  and  to 
give  them  for  the  second  time  the  pleasure  of  having  him  for  a 
few  days  the  inmate  of  their  Observatory.  He  found,  however, 
that  he  could  not  with  warrant  of  conscience  yield  to  the  attraction 
of  his  friends  or  indulge  his  admiration  for  the  Scottish  Bard.  I 
give  a  letter  to  John  Nichol,  written  immediately  before  the  day  of 
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oommemoration.  It  is  interesting,  as  expressing  his  general  esti- 
mate of  Bobert  Bums,  and  as  revealing  links  of  thought  whioh 
brought  the  poet  specially  close  to  his  affection  and  sympathies. 
Wordsworth's  genial  and  indignant  letter  in  defence  of  Bums,  a 
gift  to  Hamilton  from  the  author,*  had,  as  the  markings  in  the 
margin  show,  been  read  by  him  with  cordial  concurrence,  and 
he  has  transcribed  at  the  end  of  it  the  fine  sonnet  of  Keats, 
which  concludes  with  the  apostrophe: — 

'  How  glorious  this  affection  for  the  cause 
Of  steadfast  genius,  toiling  gallantly  ! 
What  when  a  stout  unhending  champion  awes 
Envy  and  Malice  to  their  natiye  sty  ? 
Unnumbered  souls  breathe  out  a  still  applause, 
Proud  to  behold  him  in  his  country's  eye.' 


FT(ym  Sir  W.  E.  Hamilton  to  John  Nichol. 

<  Obseryatort,  Jantuiry  22,  1859, 

'  I  cannot  tell  you  with  what  reluctance  I  bring  myself,  at  the 
last  moment,  to  decline  the  invitation  of  your  father,  and  of  Mrs. 
Nichol,  to  be  their  guest  next  week  during  the  celebration  of  the 
Centenary  of  Bums. 

''  'Twere  worth  ten  years  of  peaceful  life, 
One  glance  at  their  array." 

There's  a  very  sincere  quotation  for  you ;  but  you  will  probably 
disdain  to  use  it  in  any  speech  of  yours,  as  you  (most  justly)  rank 
Bums  higher  than  Scott :  I  need  not  say  than  our  Moore,  whom 
I  may  have  praised  too  much  (I  admit  it)  at  Charlemont  House  a 
few  years  ago.  But  one  does  not  count  one's  words  of  praise,  in 
speaking  of  a  friend,  or  even  of  an  acquaintance,  recently  dead ; 
and  I  remember  that  one  of  my  half-sentences  (which  were  well 
receiyed  in  Dublin)  was  that  '*  to  know  Moore,  even  a  little,  was  to 
love  him." 

<  Bums  was  a  grand  Man.    I  am  not  going  to  pram  him ;  I 


•  Vol.  i.,  p.  349. 
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leave  that  to  Scotland  and  to  you;  supported,  and  sympatfaised 
with,  bj  the  universal  heart  of  humanity.  All  this  is  so  very  well 
known  that  it  has  almost  degenerated  into  common-place.  Miss 
Edgeworth  once  remarked  to  me  that  such  or  such  a  thing  ^'  had 
been  said  till  it  was  not  believed " !  A  splendid  remark,  as  I 
thought  at  the  time  :  but  the  fame  of  your  Burns  can  survive  it.* 
'  I  will  just  tell  you  one  thing,  which  has  pressed  itself  more 
than  once  upon  my  mind  in  relation  to  your  great  National  Poet : 
What  could  have  been  done  for  himP  My  solution  of  the  problem 
would  have  been,  that  he  should  have  been  allowed  more  liberty ^ 
and  have  been  less  interfered  with,  on  the  part  of  his  superiors 
in  station.  In  my  own  case,  at  all  events,  I  am  satisfied  that  the 
generous  (for  such  to  my  feelings  it  has  been)  non-interference  of 
my  academical  and  other  superiors,  has  both  allowed  and  en- 
couraged me  to  do  much  more  for  the  public  than  I  was  likely 
otherwise  to  have  done.  I  have,  perhaps,  purchased  Freedom  by 
sacrifices ;  but,  at  least,  I  possess  it.  As  to  making  him  a  Prime 
Minister  of  England,  I  am  of  Mr.  Burchell's  opinion,  and  in  a 
comer  cry  out,  "  Fudge ! "  Now  mind  that  you  will  not,  the 
least  little  bit  in  the  world,  offend  me,  if  you  shall  take  up  this 
remark,  abstaining,  of  course,  as  you  would  be  sure  to  do,  from 
mentioning  me,  and  tear  it  all  to  pieces.  How  I  should  like  to 
see  its  fragments  fluttering  in  the  midst  of  some  eloquent  oration 
of  yours!  though  I  might  retain  my  own  opinion  after  all. 
Affectionately  yours.' 


•  *  Do  you  know  that  I  am  very  strongly  reminded  of  my  own  father, 
Archibald  Hamilton,  Esq.,  of  Great  (or  Old)  Dominick-street,  Dublin,  who  died 
while  I  was  very  young,  and  left  me  only  an  armorial  seal,  and  a  few  books, 
chiefly  Oriental — for  he  had  thoughts  of  getting  me  into  the  East  India  Service, 
and  had  some  interest  in  that  direction — when  I  look  at  a  clever  engraving  in 
my  possession,  of  Bubks,  receiving  the  *'  Wear  thou  this,"  from  Scotia's 
genius  ? ' 
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CHAPTEE  XLIV. 

CALVINISM.  DATING  OF  SaENTIFIC  WORK.  MANSEL's  HAMPTON 
LECTX7RBS.  BRITISH  ASSOCIATION  AT  ABERDEEN.  PORTRAIT. 
HBRSCHEL   ON   QUATERNIONS. 

(l859.) 

An  important  expression  of  opinion,  on  a  great  religious  and 
theological  question,  is  oonyeyed  by  Hamilton  in  a  letter  written 
early  in  1859  to  Dr.  Mortimer  O'Sullivan,  a  clergyman  noted  in 
his  day  for  his  eloquence  in  the  pulpit,  and  for  ability  as  a 
controversialist,  but  less  credited  than  he  deserved  to  be  for  large- 
ness  of  view  and  freedom  from  personal  animosities.  This  letter 
of  Hamilton's  is  a  protest  against  Calvinism,  both  as  in  itself  a 
misrepresentation  of  Christian  theology,  and  as  leading,  through 
mistaken  identification  of  it  with  Christianity,  to  the  discredit  and 
even  rejection  of  the  Christian  faith.  Although  the  extract  I  here 
produce  is  followed  in  the  original  by  a  request  that  the  letter 
should  be  considered  private,  I  have  thought  that  I  should  not 
now  be  warranted  in  suppressing  Hamilton's  opinion  on  so  pro- 
foundly interesting  a  question — an  opinion  delivered  with  earnest- 
ness and  deliberation  by  a  man  who  was  at  once  a  reverent  student 
of  Holy  Scripture,  and  a  deeply-founded  philosopher. 

From  Sir  W.  E.  Hamilton  to  Rev.  Mortimer  O'Sullivan,  d.d. 

<  Obsbrtatort,  nsab  Ditblin,  February  25,  1859. 

*  In  the  midst  of  mathematical  and  other  engagements,  I  feel 
an  irresistible  impidse  to  thank  you  for  the  publication  (not  the 
gift]  of  a  couple  of  anti-Calvinistio  sermons  which  have  fallen  into 
my  hands  within  the  last  day  or  two. 
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'  To  me  it  appears  to  be  of  vital  importance,  that  a  protest 
against  Calvinism  should  be  raised  by  people  like  you — if  there  be 
many  suoh.  And  this  I  say,  having  a  very  dear  sister  living, 
whom  I  very  much  respect  as  well  as  love,  and  who  is  a  devoted 
Calvinist ;  being  also — notmthstandingy  as  I  might  almost  be 
tempted  to  say — ^but  really  I  ought  not  to  say  it — an  extremely 
pious  and  practical  Christian. 

^  With  her  deceased  friend,  Mr.  Ejrause,  I  had,  through  her, 
some  very  slight  acquaintance,  which  I  valued.  The  beauty  of 
holiness  was  seen  in  the  man,  and  appears  also  in  his  sermons,  of 
all  of  which  I  have  purchased  copies.  But  even  Mr.  Krause  has 
completely  failed  to  turn  me  into  a  Calvinist. 

*  I  repeat  that  I  regard  this  question  as  a  vital  one — as  of  course 
the  Calvinists  themselves  would  say.  If  the  alternative  were  pro- 
posed to  me.  Whether  I  would  be  a  Calvinist  or  an  Infidel  P — I 
dare  not  finish  the  sentence. 

'But  that  unwritten  conclusion  has  been,  is,  and  will  be 
thought,  spoken,  written,  and  acted  out,  by  other  men.  I  have 
studied,  to  some  extent,  the  infidelity  of  Burns,  of  Byron,  and  of 
Shelley ;  and  am  satisfied  that  it  was  not  Christianity,  but  Calvin- 
ism, which  revolted  them.  May  God  have  mercy  on  their  souls  I 
and  on  those  who  misrepresented  Christianity. 

*  Of  course  I  have  read  remarks  on  the  "  happy  inconsistency  " 
of  human  nature,  and  all  that.  Very  consoling,  to  be  sure.  But 
still  I  shall  be  happy  to  be  informed  that  you  proceed  to  denounce, 
and  batter,  with  a  sledge-hammer  power  of  reasoning,  and  also  with 
all  that  wit,  grace,  fancy,  and  (if  I  dared  to  say  it},  humour,  which 
you  cannot  help  admitting  into  your  publications,  a  System  of 
Theology,  which,  if  it  had  been  imposed  by  external  authority 
upon  me,  would  have  gone  near  to  making  me  an  infidel.' .  .  . 

The  value  set  by  Hamilton  on  truth  and  accuracy,  prized  by 
him  in  all  matters,  but  here  inculcated  in  reference  to  the  veracity 
of  scientific  publications,  is  proved  by  the  following  letter  to  the 
present  Provost  of  Trinity  College,  who  at  the  time  was  one  of 
the  Honorary  Secretaries  of  the  Boyal  Irish  Academy.  Hamilton's 
insistence  upon  the  obligation  of  exactness  as  to  dates,  &c.,  in  pub- 
lications affecting,  it  might   be,  questions  of  priority  in  dis- 
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ooverjy  could  not  have  been  addreesed  to  anyone  more  entirely 
in  sympathy  with  him  as  a  lover  of  truth  and  justioe  than 
Mr.  Jellett. 

Fram  Sir  W.  R.  Hamilton  to  Rev,  J.  H.  Jellett,  m.a.,  f.t.c.d^ 

[from  a  copy.] 

'  Obssbtatobt,  March  27, 1859. 

*  I  have  received,  by  this  morning's  post,  a  small  packet  from 
Gill  containing  a  proof  and  duplicate  of  my  last  communication 
to  the  R.  I.  A.  I  suppose  that  it  is  pau  whom  I  have  to  thank  for 
this  prompt  attention  to  my  wishes.  In  the  cover,  Mr.  Dillon,  for 
Mr.  Gill,  requests  me  to  return  the  proof  on  Monday ^  that  is  to- 
morrow ;  for  on  this  occasion  at  least  I  am  compelled  to  borrow 
the  Sunday  for  work. 

*  As  you  know  that  I  have  stood  up  for  the  rights  of  authors^ 
or  rather  for  one  form  of  these  rights — another  of  them  con- 
sisting in  a  moderately  rapid  publication  of  their  Papers — ^you  will^ 
perhf^s,  permit  me  to  say  that  I  also  respect  very  highly,  and 
would,  if  it  were  needful,  endeavour  to  maintain  the  Prerogative 
(or  more  accurately)  the  Dutt/  of  an  Editor. 

^  In  the  present  case  I  admit  that  all  requisite  courtesy  to  the 
Author  (meaning  myself  for  the  moment,  as  people  usually  do 
mean  themselves,  when  they  talk  in  an  abstract  style)  is  dis- 
charged— as  in  this  last  case— when  one  clear  day  is  allowed 
(although,  if  it  could  be  made  a  week-day  on  some  future  occa- 
sion, I  should  be  better  pleased)  for  the  opportunity  of  that 
author's  revision. 

*And  by  revision  I  do  not  mean  re^toriting.  Society  allows 
9ome  mystification;  but  the  more  absolutely  pure,  and  sacred^ 
scientific  inter-communication  can  be  kept  from  even  Aa^-truths, 
in  statements,  the  better  shall  I  be  pleased ;  and  (what  is  much 
more  important)  the  better  will  the  scientific  world  get  on. 

'  Accordingly,  I  have  made  only  the  most  minute,  trifling,  and 
purely  verbal  alterations — hardly  five  words  being  inserted  or 
changed — ^in  the  proof  which  has  this  day  reached  me.  I  confess 
that  I  desire — ^though  it  is  one  of  the  slightest  things  that  I  wish 
for — to  take  a  date  when  I  communicate  a  Paper. 

^  Now,  if  authors  are  to  be  permitted  to  add  and  altery  beyond 
VOL.  in.  I 
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some  very  narrow  and  fixed  limits,  I  do  not  see  how  they  can  take 
any  suoh  date,  in  virtue  of  a  printed  record,  so  liable  to  be  evaded. 
In  my  own  case,  I  am  resolved  that  there  shall  be  no  such  evasion. 
Nor  is  this  any  new  resolve  of  mine.  If  you  will  take  the  trouble 
of  turning  over  those  parts  of  the  volumes  of  the  Transactions  of 
the  B.  I.  A.  which  contain  Papers  of  mine,  you  will  see  that 
I  have  on  several  occasions  taken  pains  to  state  that  I  had  availed 
myself  of  permitted  opportunities  to  recast  whole  memoirs. 

^I  wish  to  annex  a  note — ^but  under  the  head  of  Note  added 
during  printing — ^the  insertion  of  which  will  cause  (as  I  count) 
scarcely  any  trouble  or  delay.  Tell  me  something  about  the 
Exiles,  when  you  have  a  minute,  and  believe  me,'  &c. 

A  note  of  earlier  date  furnishes  an  explanation  as  to  the 
*  Exiles ' :  I  give  it  because  it  shows  that  Hamilton,  though  not 
having  been  much  in  intercourse  with  Mr.  Jellett,  was  attracted 
by  his  powers  and  character.  It  incidentally  reveals  also  other 
facts  not  without  interest. 

From  the  Same  to  the  Same. 

*  Obbebtato&t,  March  17,  1859. 

'  Our  little  discussion  at,  or  rather  after,  the  Meeting  of  the 
Academy,  which  I  must  confess  that  I  enjoyed,  as  I  do  everything 
which  leads  me  to  know  more  of  yoUf  will  not  (I  hope)  have 
disinclined  you  to  take  charge  of  the  Two  Pounds  enclosed :  one 
for  the  G-oldsmith  statue  or  monument,  to  which  I  have  from  the 
first  designed  to  contribute;  and  the  other  for  the  Neapolitan 
Exiles,  with  whom  I  see  your  name  associated  as  a  receiver  of 
subscriptions. 

^  P.  S. — I  often  make  it  a  condition  that  my  name  shall  not  be 
published,  but  on  the  present  occasion  it  appears  to  me  that  a  part 
of  the  value  of  the  subscription  will  depend  on  the  publication  of 
the  name.' 

The  Bampton  Lectures  of  Dr.  Mansel,  which  provoked  against 
them  the  impassioned  reclamation  of  Frederick  Demson  Maurice, 
were  at  this  time  the  subject  of  discussion  in  Dublin  as  elsewhere. 
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and  Hamilton  was  referred  to  for  his  opinion  of  them  by  his  old 
friend,  Dean  Batler  of  Trim,  writing  on  behalf  of  his  neighbour 
the  Bev.  John  C.  Maodonnell,  then  incumbent  of  Laraoor.* 

The  following  letter  addressed  to  Dr.  Lee,  Fellow  of  Trinity 
College,  Dublin,  and  well  known  as  a  Theologian,  exhibits  a 
partial  result  of  Hamilton's  perusal  of  the  book.  It  is  to  be 
wished  that  it  met  more  fully  the  main  contention  of  the  author 
as  to  the  nature  of  our  knowledge  of  God,  but  what  is  said  in  it 
has  a  value  that  will  be  recognised : — 

From  Sir  W.  B.  Hamilton  to  Bey.  Wm.  Leb,  d.d.,  f.t.cd. 

'  Obssbtatort,  July  2,  1859. 

'I  am  much  obliged  by  your  kind  note  received  this  morning 
on  the  subject  of  Mansel's  '* Bampton  Lectures";  and,  if  it  be 
possible,  am  still  more  gratified  by  your  having  been  so  good  as  to 
remember  our  little  conversation  respecting  them  at  Jellett's  party 
lately. 

*•  I  suppose  that  I  told  you  that  my  valued  friend.  Dean  Butler 
of  Trim — ^my  acquaintance  with  whom  wants  only  a  few  months 
of  being  one  of  forty  years — ordered  not  long  ago  his  Dublin 
bookseller  to  send  to  me  his  copy  of  those  Lectures  for  my 
perusal;  with  a  request  that  I  would  give  him  my  opinion 
upon  them,  especially  as  bearing  on  some  points  of  philosophy, 
with  which  he  was  pleased  to  suppose  that  I  might  be  familiar. 

'Accordingly,  I  received  the  book,  and  have  it  by  me  still. 
One  careful  and  continuous  perusal  I  have  already  given  to  the 
Lectures  themselves — besides  some  dipping  into  the  Notes — with 
an  imgrudging  and  unbounded  admiration.  Such  is,  I  think,  the 
proper  temper  with  which  to  approach  a  work  of  genius  and  of 
learning,  devoted  to  the  highest  interests  of  religion  and  huma- 
nity. But  after  (me  such  admiring,  and  indeed  reverential,  pupil- 
time^  of  sitting  at  the  feet  of  a  new  author,  a  student  may  be  par- 
doned for  presuming,  or  rather  an  honest  teacher  would  (no  doubt) 

*Afterwards  Dean  of  Cashel,  now  Prebendary  of  Peterborongh :  author  of 
Donneilan  Lectures  on  the  Doctrine  of  the  Atonement.    London,  1858. 
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defiire  him,  to  take  for  awhile  the  converse  attitude,  of  judge  and 
oritic.  You  remember,  probably,  that  passage  of  the  KriiiK  in 
whioh  Eant  speaks  of  the  necessity  of  Man's  assuming  that 
attitude  with  respect  to  Nature  itself: — "An  die  Natur  gehen, 
zwar  um  von  ihr  belehrt  zu  werden,  aber  nioht  in  der  QuaHtat 
eines  Sohiilers,  der  sich  AUes  vorsagen  lasst  was  der  Lehrer  will, 
sondem  eines  bestalten  Eichters,  der  die  Zeugen  nothigt  auf  die 
Fragen  zu  antworten  die  er  ihnen  vorlegt." 

^  Accordingly  I  am,  just  now,  in  a  mood  for  finding  fault  with 
Mansel — trying,  as  it  were,  to  pick  (in  thought)  a  quarrel  with 
him :  I  hope  not  in  revenge  for  his  having  extorted  from  me  so 
large  a  share  of  admiration. 

'The  grand  question  whioh  he  raises  in  my  mind,  at  this 
moment,  is  the  following  : — 

'Does  he  insist  too  much  on  the  limitation  of  the  human 
faculties  ? 

'  For  example,  "  Philosophy  "  is  a  grand  and  sacred  word. 

**  How  oharming  is  divine  Philosophy ! 
Not  harsh,  nor  crabbed,  as  dull  fools  suppose, 
But  musical  as  is  Apollo's  lute." 

*  I  therefore  do  not  presume  to  assert — nor  to  deny — that  there 
may  exist  a  "Philosophy  of  the  Infinite.^*  But  I  am  sure  that 
there  does  exist  a  "Science  of  the  Infinite^*;  to  wit.  Mathematical 
Science.  And  with  respect  to  Note  15  to  Hansel's  Lecture  II. — 
to  which  Note  Dean  Butler,  on  behalf  of  a  friend  of  his  and  mine, 
has  recently  invited  my  attention — I  must  just  be  permitted  to 
repeat  from  it,  though  not  with  the  author's  application,  four 
pregnant  words  : — "  Gallide,  acute,  nihil  supra." 

*  This,  however,  is  far  from  being  my  judgment,  even  in  its 
second  and  (transitionally)  hostile  stage^  respecting  the  lectures  at 
large.  I  shall  not  be  contented  till  I  have  read  them  several  times 
over. 

'  Just  now  it  seems  to  me  that  if  there  be  anything  which  I 
shall  have  a  di£Bculty  in  finally  adopting,  it  will  be  the  severe, 
and  almost  contemptuous,  criticism  of  Dr.  Mansel  upon  Eant's 
Fractical  Season  {Kritik  der  Practiselien  Vertmnft) :  although 
perhaps  more  hinted  than  expressed. 

'  I  have  possibly  been  bribed  to  like  that  work  of  Kant,  by  the 
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eircnunstanoe  of  its  having  been  mentioned  to  me  in  oonverBation — 
for  our  inteFCOurae  was  not  always  monologue — hj  my  illustriouB 
friend,  and  (if  I  may  dare  to  say  so)  Master,  Samuel  Taylor 
Coleridge;  who  gave  me  his  G^erman  copy  of  the  Urtheikkraft^ 
through  his  own  particular  ally,  Joseph  Henry  Green. 

*  May  I  confess  that  I  have  only  as  yet  Jieard  of  your  own  work 
on  the  Inspiration  of  Holy  Scripture ;  and  will  it  be  presuming 
too  much,  if  I  venture  to  suggest  an  exchange  of  publications  ? 

*  At  all  events,  I  am  about  to  write  your  name  in  a  copy  of  my 
Lectures  on  Quaternions :  a  very  interesting  and  valuable  commen- 
tary on  a  part  of  which  work  has  been  quite  recently  sent  to  me 
from  Leipzig,  by  the  writer  of  that  commentary  or  article,  namely, 
by  Professor  Moebius,  author  of  the  Barycentric  Calculus^  Ac. 

^  And  if  you  are  so  obliging  as  to  send  for  me  to  the  Royal 
Irish  Academy  a  copy  of  your  "Inspiration,"  I  shall- not  only  be 
personally  gratified,  but  will  undertake  to  read  the  book.   I  am,'  &c. 

Dr.  Lee,  in  acknowledgment  of  this  letter,  states  his  view  of 
the  subject  in  words  which  may  be  read  with  interest.   He  says: — 

'  I  have  re-read  Mansel  during  the  simimer  with  great  pleasure. 
I  am  sure  that  the  popular  misrepresentations  of  his  view  arise 
from  not  noticing  the  broad  sense  in  which  he  employs  the  term 
Theology,  viz.  the  Science  of  the  Divine  Nature.  Hegel  and  others 
regard  this  science  as  within  the  reach  of  human  reason ;  and  in 
opposition  to  this  exaggerated  estimate  of  man's  faculties  Mansel 
protests.  I  think  I  mentioned  this  to  you  already,  and  a  re-perusal 
of  the  Lectures  confirms  me  in  this  opinion.  He  may,  of  course, 
following  your  namesake's  theory,  err  in  his  notion  that  the 
Infinite  can  in  no  sense  be  an  object  of  Science;  but  this  is  a 
collateral  question.' 

At  the  end  of  Jidy  Hamilton  escorted  his  daughter,  still  an 
invalid,  to  stay  for  some  time  with  the  Keating  family,  relations 
on  her  mother's  side,  at  Rhyl,  in  North  Wales.  In  the  beginning 
of  September  he  carried  her  off  from  these  kind  friends  to  become 
the  guest  of  his  own  maternal  relations,  Mr.  and  Mrs.  Joseph 
Willey,  at  Fulneck,  the  Moravian  settlement  near  Leeds.    Here 
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she  was  to  remain  while  he  attended  the  Meeting  of  the  Britiah 
Aseooiation  at  Aberdeen.  It  was  presided  over  by  the  Prinoe 
Consort  (whose  opening  address  he  speaks  of  having  *  greatly 
enjoyed^),  and  bronght  together  many  soientifio  friends  whom 
Hamilton  was  glad  to  meet  again.  Among  the  most  eminent 
of  these  were  Faraday,  Lord  Bosse,  Aiiy,  Brewster,  Bonmey 
Bobinson,  Humphrey  Lloyd,  Murohison,  Sabine,  Henry  Smith,. 
the  Abb^  Moigno.  But  perhaps  the  personal  oontaot  most  inte- 
resting to  him  on  this  occasion  was  his  meeting  in  the  flesh  hia 
epistolary  friend,  Professor  Tait,  by  whom  was  introduced 
to  him  a  man  who,  as  we  have  seen,*  became,  after  Hamilton's 
death,  a  successful  employer  in  physical  researches  of  the  Calculus 
of  duatemions,  the  gifted  James  Clerk  Maxwell.  Hamilton's 
own  contribution  to  the  proceedings  of  the  Association  was  a 
Paper  On  an  Application  of  Quaternions  to  the  Oeometry  ofFremePs 
Wave-Surface,  A  special  interest  was  attached  in  the  mind  of 
Hamilton  to  this  communication,  because,  by  an  agreement  be- 
tween him  and  Professor  Tait,  both  had  been  carrying  on  simul- 
taneously, but  in  entire  independence,  an  investigation  by 
Quaternions  of  the  same  problems.  Hamilton  distributed  a 
lithographed  statement  of  his  method  of  solution,  besides  making 
it  the  subject  of  an  oral  address  to  Section  A,  in  preparation  for 
which  he  pencilled  in  a  manuscript  book  a  note,  which  I  here 
insert  as  showing  what  was  his  aim  at  this  time  in  the  develop^ 
ment  of  his  calculus : — 

^  Not  about  to  lecture  on  Quaternions ;  nor  do  I  pretend  on 
the  present  occasion  to  produce  any  new  property  of  that  celebrated 
and  important  surface,  which  is  mentioned  in  the  title  of  this  com- 
munication, but  merely  to  exemplify  the  conciseness  and  simplicitf/ 
with  which  the  language  of  quaternions  enables  those  who  have 
acquired  some  familiarity  with  that  language  to  express  and  com- 
bine  general  conclusions,  and  even  physical  hypotheses^  and  then  to 
transform  the  resulting  f ormulsd,  and  to  interpret  the  new  equations 

•  See  vol.  ii.,  p.  445. 
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ISO  obtained.  I  said  hypothe%eB :  for  I  desire  it  to  be  distinotl j 
understood  that  I  do  not  by  any  means  adapt  any  such  hypotheses, 
nor  at  all  pretend  to  express^  or  even  to  /omif  any  opinion  of  my 
own  on  such  a  question  as  this :  Are  the  vibrations  of  the  ether  (if 
such  vibrations  actually  exist)  perpendicular  or  parallel  to  the  plane 
oi  polarisation?^ 

At  Aberdeen  Hamilton  was  the  guest  of  Mr.  James  Westland, 
and,  as  on  former  occasions  of  a  like  kind,  he  appears  to  have 
gained  the  esteem  of  the  whole  family  circle  of  his  host.  He 
enjoyed  also,  with  a  distinguished  party,  the  hospitality  of  Mr. 
and  Mrs.  Alexander  Thompson,  of  Banchory  House,  and  was  one 
of  the  two  hundred  members  of  the  Association  who,  on  the  invi- 
tation of  the  Queen  and  the  Prince  Consort,  visited  Balmoral — a 
visit  which  imtoward  circumstances  rendered  less  successful  than 
had  been  hoped.  Leaving  Aberdeen  for  the  south  on  the  23rd 
of  September,  he  received  the  saddening  intelligence  of  the  death, 
on  the  19th,  of  his  much  loved,  accomplished  friend.  Dr.  J.  F. 
Nichol,  of  the  Observatory  of  Glasgow.  The  friendship  between 
them  had  been  of  quite  a  brotherly  character,  scientific  know- 
ledge and  pursuits  being  in  their  case  the  acquisitions  and  employ- 
ment of  natures  which  derived  their  most  prized  enjoyments  from 
elevated  sentiment  and  poetic  thought.  This  loss  had  the  effect  of 
binding  Hamilton  only  the  more  closely  to  the  son  and  daughter 
of  his  friend. 

To  rejoin  his  own  daughter  at  Fulneck  was  now  his  aim,  and  at 
this  Institution  he  again  spent  some  days,  the  principal  incidents 
of  which  were  his  giving  a  Lecture  on  Astronomy  to  the  youthful 
pupils  of  both  sexes  (from  whom  letters  of  thanks  were  addressed 
to  him*),  and  by  his  sitting,  with  his  daughter  standing  at  his 
side,  for  the  photographic  likeness  from  which  an  autotype  repro- 
duction has  been  placed  as  a  frontispiece  to  the  second  volume  of 


*  I  have  found  a  similar  letter  of  thanks  from  the  girls  of  Mercer's  School, 
dtoated  in  his  own  parish  of  Castleknook. 
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this  work.  And  here  I  take  the  opportunity  of  expressing  my 
opinion  that  this  representation  of  his  features  stands  out  from  all 
other  photographs  of  him  which  I  have  seen  (and  I  believe  I  have 
seen  ahnost  all  that  were  taken),  as  alone  doing  something  like 
justice  to  the  combined  intellectual  and  moral  character  of  the 
subject.  It  exhibits,  I  think,  both  in  conformation  and  expression, 
the  profound  thinker,  the  reverent  benevolent  sage.  The  marble 
bust  in  the  Library  of  Trinity  College  is  from  the  hand  of  Foley, 
and  a  photograph  from  it  supplies  the  frontispiece  to  the  present 
volume.  Our  eminent  sculptor  never  had  the  advantage  of  seeing 
Sir  "W.  R.  Hamilton,  and  had  to  work  from  small  photographs 
and  a  cast  of  the  anterior  half  of  the  head.  The  aspect  which  the 
photograph  presents  will,  however,  be  acknowledged  by  all  who 
knew  the  living  man  to  be  both  fine  and  like.*  Hamilton  had 
now  the  happiness  of  recognising  that  the  visits  in  England  of  his 
beloved  child  had  been  attended  by  the  wished-for  result,  and  in 
restored  health  she  accompanied  him  on  his  return  to  the  Observa^ 
tory  at  Dunsink. 

When  again  at  home  and  at  work  upon  his  new  book,  he 
received  from  Sir  John  Herschel,  to  whom  he  had  sent  a  copy  of 
the  Aberdeen  lithograph  of  his  quatemionio  treatment  of  Fresners 
Wave,  the  following  *  cry  of  distress.' 


*  In  the  course  of  this  year  Hamilton  was  much,  and,  as  it  appears  to  me, 
rather  unreasonably  disturbed  by  a  suggestion  made  by  General  Larcom,  that 
its  ex-presidents  should  consent  to  their  portraits  being  obtained  for  the  meet- 
ing-room of  the  Royal  Irish  Academy.  He  felt  that  he  '  could  not  afford '  to 
present  his  own,  and  shrunk  from  saying  so,  and  he  strongly  objected  to  what 
Romney  Robinson,  who  sympathised  with  him,  called  '  the  clumsy  machinery 
of  subscription '  being  resorted  to,  at  least  during  his  lifetime ;  this  he  con- 
sidered would  be  '  humiliating '  to  him.  He  seems  not  to  haye  considered  that 
a  good  portrait  could  only  be  taken  from  life.  The  Academy  and  his  country 
haye,  I  think,  great  reason  to  regret  a  decision  which  conduced  to  the  non- 
existence of  a  series  of  portraits  which  would  have  been  of  permanent  historical 
interest.  I  refrain  from  printing  the  correspondence  on  the  subject  with 
Dr.  Robinson  and  General  Larcom,  who  was  astonished  at  the  ill  reception 
which  his  proposal  met  with. 
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From  Sib  J.  P.  W.  Herschel  to  Sir  W.  R.  Hamilton. 

<  37,  TATigTOGK-PLACE,  RussELL-sauABB,  Nofoember  18,  1859. 

*My  DEAR  Sir  William  Hamilton — ^Tour  deduotion  from 
<laatemionB  of  Fresnel's  Wave  is  one  of  those  things  which  I 
have  jnst  knowledge  enough  to  admire  without  enough  to  imder- 
stand.  But  it  set  me  again  on  reading  your  Lecturer  on  Quater- 
niansy  and  I  got  through  the  three  first  chapters  of  it  with  a  much 
-clearer  perception  of  meaning  than  when  I  attacked  it  some  three 
or  four  years  hack,  but  I  was  again  obliged  to  give  it  up  in 
despair.  Now  I  pray  you  to  listen  to  this  ciy  of  distress.  I  feel 
certain  that  if  you  pleased  you  could  put  the  whole  matter  in  as 
olear  a  light  as  would  make  the  Calculus  itself  accessible  as  an 
instrument  to  readers  eyen  of  less  '^  penetrating  power"  than 
myself,  who,  haying  once  mastered  the  algorithm  and  the  conven* 
iions  so  as  to  work  with  it,  would  then  be  better  prepared  to  go 
along  with  you  in  your  metaphysical  explanations. 

'  Do  pray  think  of  this.  At  the  risk  of  offending,  I  will  venture 
to  say  you  will  not  have  done  yourself  justice  if  you  do  not  give 
the  world  some  clue  that  a  lower  class  of  thinkers  can  unravel  than 
those  who  alone  can  hope  to  master  that  book. 

^  The  simplest  way  would  be  to  give  forth  a  number  of  examples 
of  the  treatment  of  problems  and  theorems  by  it.  I  mean  not 
examples  which  shall  be  of  themselves  general  theorems  or  impor- 
tant discoveries,  but  good  honest  ordinary  problems  or  theorems, 
such  as  can  be  readily  worked  by  common  Algebra  and  Trigo- 
nometry, but  gradually  increasing  in  difficulty ;  and  these  might 
be  prefaced  by  a  clear  statement  of  the  Bules  of  the  Calculus  as 
Mules. 

^Such  a  book  would  have  an  immense  influence.  Hundreds 
would  learn  to  use  the  Calculus  as  a  means  of  investigation  and 
its  theory  would  by  degrees  [be]  popularised.  Pray  excuse  this 
from  yours  very  sincerely.' 

Hamilton  replied  in  grateful  terms,  and  enclosed  for  Herschel's 
satisfaction  the  initial  sheet  of  his  proposed  new  work,  written,  as 
he  trusted,  *  in  a  style  like  that  which  you  desire  for  me ;  or  at 
least  more  like  it  than  the  Lectures.*    He  had  the  gratification  of 
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reoeiying  from  Hersohel  the  following  aoknowledgment  of  his 
Bpeoimen  :— 

From  the  Samb  to  the  Samb. 

*  Nothing  can  possibly  be  dearer  or  more  to  the  purpose,  and 
if  the  rest  of  your  book  be  as  much  so,  and  go  on  the  same  prin- 
ciple, it  will  be  one  of  the  most  important,  and  I  will  venture  to 
flay,  the  most  widely  oiroulated  elementary  work  ever  published.' 

A  second  sheet  was  sent  by  Hamilton  to  Herschel,  and  drew 
from  him  the  criticism  that  by  the  introduction  of  some  difficult 
applications  of  the  Calculus  the  attention  of  the  commencing 
student  was  too  soon  diverted  from  its  principles.  Hamilton 
submitted  to  the  criticism,  and  re-wrote  the  sheet,  thanking  his 
critic  by  sending  to  Lady  Herschel  for  communication  to  him  the 
passage  from  Horace's  Epistola  ad  Pisones  (1.  438.  .  .  .),  in  which 
the  Roman  teacher  of  his  Poetic  Art  exhibits  in  Quintilius  Varus 
the  character  and  action  of  the  critic  who  was  a  real  friend.  In  a 
subsequent  letter  of  Hersohel,  acknowledging  further  proofs,  he 
fi^  suggests  the  suppression  of  a  passage  respecting  transversals, 
and  then  retracts  the  suggestion,  and  concludes  with  the  words, 
*Au  reste — the  thing  is  charming,  and  I  can  only  add,  Gk)  on 
and  prosper.' 
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CHAPTER  XLV. 

ANHARMONIC  CO-ORDINATES.  GEOMETRICAL  NETS  IN  SPACE.  GEO- 
METERS IN  TRINITY  COLLEGE.  CIRCLE-SQUARING.  AUBREY 
DE  verb's  'INISFAIL.' 

(i860.) 

In  the  beginmng  of  1860  Hamilton^  while  carrying  on  his  work 
upon  the  Elements^  opens  a  mathematical  correspondence  witbi 
Dr.  Hart,  then  Senior  Fellow  of  Trinity  College,  now  Sir  Andrew 
Searle  Hart,  Vioe-Provost.  From  problems  connected  with  a  cir- 
cumscribed pyramid,  and  tetrahedra  in  general,  he  rapidly  advances 
to  what  may  be  called  a  new  calculus,  independent  of  Quaternions,, 
though  advantageously  employed  in  connexion  with  them,  the- 
calculus,  or  instrumental  machinery,  of  Anharmonio  Co-ordinates ; 
and  on  the  27th  of  February  he  begins  what  he  himself  calls  a  *  pro- 
digious' letter,  which,  becoming  an  extended  treatise,  reaches  at 
last  the  216th  folio  page  of  closely-written  work,  and  is  completed 
by  a  postoript  of  sixty-four  similar  pages,  dated  the  following  28th 
of  August.  Some  of  the  results  arrived  at  were,  during  its  pro- 
gress, communicated  to  Dr.  Salmon,  touching,  as  they  did,  some  of 
the  problems  published  by  him  in  his  Higher  Plane  Curvesy  and  he 
acknowledges  their  novelty  and  importance,  while  Dr.  Hart  in  a 
letter,  dated  so  early  in  the  correspondence  as  April  6,  says  of 
them: — 

*If  your  Anharmonic  Co-ordinates  should  never  be  used  again,, 
they  have  already  conferred  a  great  benefit  on  geometry,  by  turn- 
ing your  attention  to  the  large  and  much-neglected  field  of  cubics,. 
in  which  you  have  already  filled  many  gaps,  and  placed  in  a  new 
point  of  view  a  theory  which  we  have  been  hitherto  studying 
emtiiely  through  Salmon's  glasses.     If  you  succeed  in  compressing 
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fio  much  matter  into  the  modest  limits  of  an  ^'  Appendix/'  it  will 
be  a  wonderful  achievement  in  the  art  of  condensation.'  * 

In  letters  written  to  Aubrey  De  Yere  on  the  16th  and  17th  of 
March,  Hamilton  gives  to  his  friend  an  interesting  aper^  of 
what  he  had  been  doing  on  this  subject. 

*  March  16. — ^Within  the  last  three  weeks  I  have  written  quite 
an  essay — not  to  say  a  treatise— on  (what  seems  to  me)  a  new 
scientific  system,  or  method,  of  what  I  call  ^^  Anharmonic  Co-ordi- 
nates " ;  and  which,  wonderful  to  tell,  appears  new,  also,  to  all  the 
geometrical  friends  whom  I  have  consulted  in  our  University,  e.  g, 
Ghraves,  Salmon,  Ingram,  Hart.  It  is  strange  that  after  a  couple 
of  millennia,  a  thought,  which  seems  to  be  traceable  to  Eudid 
(through  Pappus)  should  be  found  now  to  admit  of  a  vast  and 
unforeseen  expansion.  .  .  .' 

Forwarding  a  copy  of  his  sister's  poem  on  Columbus,  which  his 
friend  had  asked  for  a  month  previously,  he  adds : — 

^  March  17.  .  .  .  One  would  think  it  was  some  heroic  effort  of 
virtue,  my  writing  out  a  few  lines  of  poetry  for  a  friend :  I  put  it 
oif  so  long,  and  seem  to  make  so  much  of  work  or  fuss  about  it ; 
although  when  I  do  begin,  I  experience  really  great  pleasure  in 
the  act.  If  you  could  only  see  what  quantities  of  less  interesting 
(viz.  mathematical)  matter  I  write  to  my  scientific  correspondents ! 

*  Such  an  Appendix  is  not  to  be  found  in  oonnexion  with  the  Elements  of 
QuaternionSf  into  the  early  part  of  which  work  are,  however,  introduced  See- 
tions  dealing  compendioudy  with  both  Anharmonic  Co-ordinates  and  Geometri- 
oal  Nets  in  Space.  But  from  the  fact  that  at  the  foot  of  page  34  reference  la 
made  to  '  Note  A  on  Anharmonic  Co-ordinateSf*  and  at  the  foot  of  pages  35 
and  56  to  *  Note  B  upon  the  Baryeentrie  Calctdus '  {*  Nets  in  Space '),  which 
Notes  are  non-existent,  it  would  appear  that  the  author  intended  to  annex  an 
Appendix  giving  further  details  as  to  both  these  subjects.  It  must  be  remem- 
bered that  the  Elements  of  Quaternions  was  published  after  the  death  of  the 
author,  and  is  in  an  incomplete  state.  On  the  subject  of  Anharmonic  Co-ordi- 
nates he  made  a  communication  to  the  Royal  Irish  Academy,  which  is  printed 
in  the  Proceedings  for  the  Session  of  1859-60  ;  and  on  the  24th  of  June,  1861, 
there  was  read  by  him,  before  the  same  Institution,  a  very  important  Paper, 
extending  in  print  to  above  50  pages,  on  Geometrical  Nets  in  Space,  a  Paper 
>carr3ring  on  to  *  a  Quinary  Calculus  for  Space,'  the  researches  which  had  in 
their  earlier  stage  furnished  him  with  his  method  of  Anharmonic  Co-ordinates. 
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— ^mnoh  faster,  indeed,  including  the  composition,  than  my  assistant, 
or  my  son,  can  copy  them  for  me.  But  I  suppose  that  a  man  has 
instinct,  as  well  as  reason ;  the  aropyri  of  the  animal  creation  exists, 
and  shows  itself  with  me,  when  a  new  conception  in  science  has 
dawned  upon  my  intellect,  and  is  in  danger  of  altogether  perishing, 
if  not  duly  incuhated  in  its  season.  My  last  conception,  of  a 
geometrical  kind,  has  taken  my  friends  in  Dublin — who,  on  such 
subjects,  are  admitted  to  hold  a  very  high  place  in  the  scientific 
world — entirely  by  surprise  .  •  .  But  I  expect  to  be  quite  cool 
again  upon  the  subject  in  about  a  month.  You  once  confessed  to< 
me  that  for  a  daf/  or  two  after  writing  a  new  sonnet,  you  were  not 
an  impartial  judge  of  it/ 

I  insert  here  extracts  from  the  long  letter  to  Dr.  Hart,  which 
have  an  interest  derived  from  their  recognition  of  more  extensive 
knowledge  than  his  own  in  modem  geometry  on  the  part  of  his 
mathematical  colleagues  in  Trinity  College.  They  are  pleasing 
testimonies  of  his  unjealous  disposition,  of  his  habitual  desire 
to  acknowledge  points  of  superiority  in  others. 

0.  1860,  p.  38.—*  February  27, 1860.  I  remember  staring  ten 
or  twelve  years  ago  when  Townsend  told  me  [in  1847],  in  what  I 
call  Brinkley's  Gharden,  that  a  plane  conic  has  double  contact  with 
each  of  its  foci — considered,  of  course,  as  infinitesimal  circles ;  and 
he  admitted  that  »,y,  i,  which  were  then  comparatively  recent,  had 
nothing  in  them  more  paradoxical,  on  their  first  appearance.  You 
see  that  I  have  made  a  step  or  two  forward  since  then,  aided  (no 
doubt)  mainly  by  Salmon's  books — though  I  know  something  of 
foreign  ones  also — in  what  is  called  the  *'  Modem  Geometry  " ; 
but  I  have  the  deepest  feeling  of  my  inferiority,  in  that  respect, 
to  persons  who  have  made  the  subject  their  special  study.' 
P.  151. — *  April  25.  As  I  cannot  expect  that  you  will  do  more 
than  skim,  at  present,  the  sheets  of  this  prodigious  letter  ...  I 
isolate  thus  a  question  or  two  in  the  hope  of  your  answering  them 
separately.  You  have  been  very  useful  to  me  already  by  calUng 
my  attention  to  parts  of  Sahnon's  book,  which  I  had  not  sufSoiently 
considered.  His '*  Lessons,"  &o.,  I  have  got,  and  admire.'  P.  241. 
— *  The  parallelism  of  ff'R  to  A,  (7,  in  figures  29  and  30  did  not 
occur  to  me  when  I  saw  these  figures,  and  'tis  perhaps  curious  that 
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I  saw  it  half  an  hour  ago  by  reasonings  about  conic»  many  minutes 
before  I  was  able  to  verify  it  by  any  special  argument  from 

•  circles.  Such  verification,  however,  should  certainly  have  offered 
itself  sooner  to  any  of  your  Junior  Freshman  friends.  (I  was  of 
course  a  Junior  Freshman  in  my  time,  and  was  never  beaten  in 
'Geometry — nor,  as  it  chanced,  in  any  other  subject — in  my  divi- 
sion ;  but  things  have  so  much  advanced  generally  in  our  Univer- 
sity since  then^  that  I  might  well  meet  with  a  different  fate,  in 
every  department,  if  I  could  go  in  again  notr,  as  I  have  sometimes 
half-wished  to  do,  to  be  lectured  by  Salmon,  and  Townsend,  and 
others.) .  .  .' 

This  year  brought  to  Hamilton  the  commencement  of  a  corre- 
spondence, very  unwillingly  entered  upon,  with  Mr.  James  Smith, 
of  Seaforth,  Liverpool,  who  about  this  time  actively  challenged 
notoriety  as  a  squarer  of  the  circle.*  Hamilton  felt  obliged  to 
repress  his  pretensions  with  greater  severity  of  tone  than  was  usual 
with  him ;  I  should  scarcely  have  referred  to  the  incident,  had  not 
the  result  been  that  in  the  course  of  the  discussion  he  was  led  to 
communicate  to  the  Athen<Bum  (June  8,  1861),  and  afterwards  in 
an  extended  form  to  the  Phihsophical  Magazine  (April,  1862)  an 

*  Elementary  Proof  that  Eight  Perimeters  of  the  Regular  Inscribed 
Polygon  of  Twenty  Sides  exceed  Twenty  five  Diameters.'  Archi- 
medes had  proved  more  than  200  years  b.  c.  that  71  perimeters 
of  a  regular  polygon  of  96  sides  inscribed  in  a  circle  exceed  223 
diameters,  whence  easily  followed  the  theorem  that  eight  circum- 
ferences of   a  circle    exceed  twenty-five  diameters:  a  theorem 

•<x>ntradictory  to  Mr.  James  Smith's  assertion  that  they  are  exactly 
equal.  Hamilton's  *  Elementary  Proof  served  as  an  d  fortiori 
argument  to  the  same  effect. 

The  death  of  Hamilton's  youngest  sister,  Archianna,  occurred 
in  February  of  this  year,  when  she  was  staying  with  her  sister 
Sydney  in  Dublin.  The  event  called  into  active  exercise  his 
affection  and  sympathy  towards  both  his  sisters.    After  an  inter* 

*  See  De  Morgan's  Budget  of  Paradoxes^  p.  318.  .  . . ,  and  Athetugum^ 
^pasiim. 
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▼al  it  was  followed,  as  had  been  the  death  of  his  sister  Eliza,  by  a 
visit  to  the  county  of  Wioklow.  In  that  well-known  region's  diver- 
sified beauties  he  sought  as  before,  and  experienced,  the  restoratiye 
influences  of  nature. 

Extracts  from  Hamilton's  correspondence  with  Aubrey  De 
Vere  principally  on  literary  topics  may  fitly  dose  the  record  of 
this  year,  and  lead  on  to  that  of  the  next. 

From  Aubrey  Dr  Yere  to  Sir  W.  S.  Hamilton. 

'CoBSAQH  Ghasb,  February  21,  1860. 

* . . .  It  would  be  weU  worth  your  while  to  look  at  a  translation 
by  D.  F.  MacCarthy  of  one  of  Calderon's  "Autos  Sacramentales" 
which  appeared  in  the  number  for  July,  1859,  of  the  Atlantis.  It 
is  a  very  wonderful  sort  of  poetry  which  has  become  better  known 
in  Germany  than  in  England  .  .  .  .' — March  15,  1860.  *  I  must 
just  send  you  a  line  to  tell  you  how  sorry  I  was  to  hear  of  the 
death  of  your  sister.  I  remember  her  perfectly.  As  life  goes  on, 
how  many  of  those  connected  with  one's  earlier  and  brighter 
recollections  have  taken  their  place  with  those  who  have  gone 

«<  From  Bimflhine  to  the  sunless  land." 

^ .  .  .  Alas  for  the  good  old  times,  when  we  used  to  talk  of 
Francis  Edgeworth ! ' 

I^om  Sir  W.  E.  Hamilton  to  Aubrey  De  Verb. 

*  November  30,  1860. 

*  I  received  your  "  Select  Specimens  of  the  English  Poets," 
this  morning,  with  very  great  pleasure,  and  have  read  much  of  it 
already,  wiih  the  enjoyment  for  the  larger  part  of  recognition : 
but  also  with  the  new  pleasure  of  reading  your  thoughtful,  tempe- 
rate, and  wise  remarks  on  the  various  authors,  or  rather  (for 
the  present  purpose)  poets,  discussed.  I  also  received  about  a 
fortnight  ago  a  copy  of  your  father's  "  Julian,"  and  "  The  Duke 
of  Mercia,"  which  I  value  very  much ;  and  not  the  less,  because 
I  have  certainly  among  my  Gurragh  books,  or  memorials — in- 
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duding  presents  from  your  father — a  copy  of  at  least  "The  Dake- 
of  Meroia."  But  "Julian  the  Apostate"  had  to  me  the  air 
of  a  quite  unknown,  and  of  a  wonderfully  beautiful  composi- 
tion/ 

From  Aubrey  Db  Verb  to  Sir  W.  R.  Hamilton. 

<  LovDOV,  «7Wy  19,  1861. 

'I  have  requested  M^Qlashan  and  GKll  to  send  you  a  new^ 
Tolume  of  poetry  which  I  have  just  published.  . .  .  The  most 
important  poem  in  it  is  one  called  "  Inisfail,"  which  occupies  the 
latter  half  of  the  volume.  When  you  have  time  to  look  into  the 
booky  pray  begin  with  this  poem,  for  I  would  like  to  have  your 
opinion  of  it.  It  is  a  somewhat  new  idea  in  poetry,  I  believe.  It  is 
a  Chronicle  Poem,  intended  to  represent  in  their  essential  features,, 
both  the  history  and  the  inner  life  of  a  nation  and  race,  and  to  do 
so  chiefly  through  songs  and  ballads,  such  as  might  have  proceeded 
from  the  bards  contemporary  with  the  events  described.  There 
never  was  a  more  wonderful  history  than  that  of  Ireland.  Except 
a  few  picturesque  and  pathetic  detailsj  people  commonly  know 
nothing  about  it.  They  do  not  suspect  that,  seen  from  one  point 
of  view,  and  that  the  highest,  so  far  from  being  a  jumble  of  sad 
fragments,  it  has  the  highest  possible  Unity  and  Significance. 
Doubtless  my  point  of  view  may  not  be  that  of  my  readers,  in 
some  cases.  But  poetry  has  a  right  to  its  Postulates^  has  it  not  ? 
I  cannot  judge  of  the  execution  of  course ;  but  the  theme  is  a 
good  one,  I  think.  Nations  are  the  long-lived  Patriarchs  still 
allowed  to  survive,  and  work  out  their  Destinies,  on  earth.  They 
have  a  continuity  not  now  given  to  the  life  of  an  individual ;  and 
their  fortunes  have  thus  an  aflBnity  with  song.'  London^  Nov,  4. 
— 'A  few  of  the  Heviews  at  this  side  of  the  water  have  been 
snarling  at  the  Irish  tone  of  my  Chronicle  Poem  of  ^'  Inisfail," 
though  I  meddle  with  nothing  within  the  last  century.  They 
cannot  afford,  apparently,  even  an  epitaph  to  the  Ireland  of  six 
centuries!  What  have  you  been  about  of  lateP  Writing  on 
mathematical  subjects,  I  suppose,  as  usual.  But  you  must  find 
time  too  for  an  occasional  sonnet  also — *^  golden  mile-stones  "  set 
np  along  the  road  of  life.  You  were  sorry,  I  am  sure,  for  Eliza- 
beth Barrett  Browning.' 
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CHAPTER  XLVI. 

RECOGNITIONS  FROM  ABROAD.      HONORARY  DEGREE  AT  CAMBRIDGE. 

TAIT.      INGLEBY.      KIRKMAN. 

(I86I.) 

The  beginning  of  1861  brought  Hamilton  from  abroad  gratifying 
proofs  of  the  extending  study  of  Quaternions.  Returning  to  Dr. 
Waller,  Editor  of  the  Imperial  Dictionary  of  Biography,  a  proof, 
sent  for  oritioal  oorrection,  of  a  notice  of  his  own  life  and  works, 
he  thus  writes : — 

*  April  9,  1861.  ...  I  do  not  wish  anything  additional 
whatever  inserted.  ...  I  think  it  may  interest  you  to  kfiow 
that  Dean  Ghraves  had  lately  received  for  me  a  copy  of  a  very 
interesting  and  valuable  work,  in  Italian,  on  the  Quaternions, 
(Calcolo  dei  Quatemioni  di  W.  B.  Hamilton,  &o.)  by  Professor 
Bellavitis;  addressed  on  the  outside,  Al  Chiarissimo  Signore  Prof. 
W.  R.  Hamilton,  &c.,  which  address  my  daughter  (don't  expose 
her)  read  out  as  if  it  had  been  Al  Garissimo  (''Fame  is  love 
disguised."  Shelley).  But  this  is  only  the  last  of  several  recog- 
nitions— and  more  than  mere  recognitions,  since  they  attest 
successful  study — of  the  Quaternions,  which  I  have  received  from 
foreign  countries,  especially  from  Germany  and  America;  for 
France  is  very  slow  to  accept  any  truly  n^er  ideay  although  she 
iffork8  it  well,  when  she  has  once  caught  hold  of  it.  Something 
like  a  century  had  passed  before  Newton  was  appreciated  in 
France ;  but  the  world  moves  now  at  a  somewhat  faster  pace.  I 
have  long  been,  however,  one  of  the  six  mathematical  correspon- 
dents— technically  so  called — of  the  French  Institute.  (At  least, 
I  think  the  number  is  sit;  and  am  sure  that  it  does  not  exceed 
seven^  out  of  the  whole  tcorld  which  to  France  is  ''  barbarous,"  in 
the  old  Ghreek  sense)  .  . . ' 
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Eeoognition  of  Hamilton's  work  on  a  different  subject  from 
Quaternions,  namely,  8y sterna  o/Raf/Sy  arrived  in  February  from 
Berlin.  Dr.  Meibauer  presenting  to  the  Boyal  Irish  Academy 
his  Paper  entitled  De  generalihua  et  infinite  tenuibua  luminis  fascibua, 
prcecipue  in  crf/stalliSf  accompanies  it  with  a  letter  in  which,  after 
claiming  that  he  has  extended  some  theorems  of  M.  Kummer,  he 
thus  refers  to  Hamilton— honourably  but  amusingly  designated — 
and  to  his  prior  results :  *  But  that  my  deduction  for  the  special 
case  (namely,  the  planes  of  vergency)  may  be  correct,  is  clear 
thereout,  that  your  great  fellow,  M.  Hamilton,  has  already  foimd, 
in  a  manner  very  different  from  mine,  both  principal  theorems, 
that  of  M.  Kummer  and  mine  {Transactionsy  vol.  xvii.,  p.  122,  &c.).' 

At  the  annual  meeting  of  the  Boyal  Irish  Academy  in  March, 
he  seconded,  with  a  gratifying  tribute  of  appreciation,  the  pro- 
posal by  Lord  Talbot  de  Malahide  that  Professor  Charles  Graves 
should  for  the  ensuing  five  years  be  the  President  of  the  Academy. 
On  his  nomination  by  the  new  President  to  be  the  Senior  Vice- 
President  he  wrote  to  his  friend  the  following  not  imi^teresting 
letter. 

From  Sir  W.  R.  Hamilton  to  the  Very  Ebv.  Charles  Graves, 

D.D.,   P.R.I.A. 

*  March  \S,  1861. 

*  Although  I  shall,  within  an  hour  or  two,  have  the  satisfaction 
of  seeing  you  in  the  Chair  of  the  Council,  yet  I  wish  to  state  in 
writing  that  I  accept  with  pleasure  your  nomination  of  me  as  the 
Senior  Vice-President  of  the  Academy,  as  I  did  the  correspond- 
ing nomination  of  Lloyd  on  the  occasion  of  his  succeeding  me. 
It  was  the  first  act  of  your  prerogative  and  a  graceful  one — at 
least  I  have  no  reason  to  suppose  that  the  Academy  will  judge  of 
it  otherwise.  At  the  same  time  you  will  perhaps  pardon  me  for 
saying  again  that  the  acceptance  of  the  office,  although  one  of  which 
I  am  well  prepared  to  appreciate  the  importance,  was  designed  to 
be,  on  my  part,  a  mark  of  the  very  great  satisfaction,  private  and 
public,  with  which  I  saw  you  placed,  on  Saturday  night  last,  in 
the  Chair  once  occupied  by  myself,  and  both  before  and  since  by 
persons  more  deserving  than  I  was. 
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'  What  I  said  in  your  preeenoe  to  Dr.  Beeves  was,  in  essenoe 
though  not  in  words,  the  admission  of  the  natural  feeling  that 
having  been  for  a  while  the  first,  it  oould  be  no  object  of  ambition 
for  me  now  to  be  the  second  in  the  Academy,  yet  I  will  say,  on 
reflection,  that  it  is  a  pkasure  to  me  to  be  such  for  one  year  under 
you.  For  you  will  remember  that  when  next  year  arrives,  even 
if  I  should  be  then  alive  and  well  and  on  the  Council,  it  will  be  in 
dite  course  that  my  name  shoidd  drop  from  your  list  of  Vice- 
Presidents;  and  no  member  of  the  Academy,  and  least  of  all 
-myself,  could  for  a  moment  have  imagined  that  any  slight  would 
have  been  intended,  or  conveyed,  if  you  had  lately  used  your  pre- 
xogative  otherwise  than  by  appointing  me.  .  .  . ' 

An  honour  of  a  different  kind  summoned  him  in  May  to 
'Cambridge.  He  received  from  the  Yice-Chancellor,  the  Hon.  and 
Bev.  Latimer  Neville,  a  notification  that  the  Council  of  the  Senate 
of  the  University  desired  to  confer  upon  him,  '  as  a  mark  of  their 
respect  and  esteem, '  the  honorary  degree  of  Doctor  of  Civil  Law. 
Having  been  in  1845,  after  the  meeting  of  the  British  Association, 
.admitted  by  the  same  University  to  the  ad  eundem  degree  of  Doctor 
of  Laws,  Hamilton  at  first  felt  uncertain  whether  he  was  free  to 
.accept  the  proffered  honour.  He  thus  states  his  difficulty  in  a  note 
io  his  friend  Dr.  Anster : — ^  I  remember  kneeling  as  a  Candidate 
Doctor  of  Laws  before  the  Yice-Chcmcellor  of  the  time:  is  it 
lawful  that  I  should  kneel  again  for  a  degree  no  higher  P  Although 
perhaps  in  England  it  may  be  looked  upon  as  such.  Anne  aliquis 
■bis  baptizari potest  ?  For  it  was  a  sort  of  baptism — in  the  name  of 
the  Holy  Trinity.  For  about  sixteen  years  I  have  supposed  my- 
self to  be  a  Doctor  of  Cambridge,  and  certainly  wore  there  the 
Doctor's  gown,  where  it  counts  for  something  in  visiting  public 
places,'  &c. 

Another  consideration  which  weighed  with  him  in  his  hesitation 
was  his  fear  lest  he  might  do  anything  to  lessen  the  dignity  of  his 
Dublin  degree. 

He  laid  these  facts  before  the  Vice-Chancellor,  adding  that  as 
^art  of  the  heading  of  a  communication  (on  Symbolical  Qeometry) 

K2 
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to  the  Cambridge  and  Dublin  Mathematical  Journal^  published  in 
1846y  he  had  set  himself  forth  as  *  LL.D.,  Dublin  and  Cambridge/ 
&o.  The  reply  was : — *  The  ad  eundem  Degree  which  you  took  is 
not  the  same  in  point  of  fact  which  we  offer  you,  and  therefore  I 
hope  you  will  be  able  to  accept  it.'  The  terms  of  his  acceptance 
show  how  much  he  felt  the  honour.  I  extract  them  from  his  letter. 
' .  .  .  Under  your  sanction  I  now  accept  the  offer  of  the  additional 
degree  of  D.  G.  L.,  which  I  shall  very  highly  prize.  Indeed  I  can 
scarcely  imagine — or  rather  I  am,  at  present,  entirely  unable  to 
oonceiye — any  more  gratifying  oompliment  which  could  from  any 
quarter  be  paid  to  me.  .  .  .'  His  visit  to  Cambridge  brought  him 
much  pleasure.  The  ceremonial  in  which  so  honourable  a  part 
was  assigned  to  him  took  place  on  the  21st  of  May.  The  distin- 
guished men  who  shared  with  him  the  honour  were  Lord  Stuart 
de  Bedcliffe,  the  Earl  of  Elgin,  Dr.  Qell  (Bishop  designate 
of  Madras),  Sir  Eoderick  Murchison,  General  Sabine,  Mr.  Gbx>te 
the  historian,  and  Dr.  Itobinson  of  Armagh.  He  records  that  in 
the  order  of  procession  he  came  next  after  Lord  Elgin,  that  he 
was  in  the  speech  of  the  public  orator  praised  more  than  he  chose 
to  relate,  and  that  before  the  banquet  he  was  presented  to  the 
Prince  of  Wales,  with  whose  manner — giving  the  impression  of 
receiving  rather  than  conferring  honour — he  was  favourably 
struck.  Murchison,  Sabine,  and  Bobinson  were  old  friends; 
and  other  old  friends  he  found  in  Cambridge  in  Mrs.  Bobinson, 
her  daughter  Mrs.  Stokes,  and  Miss  Mary  Edgeworth,  her  niece, 
to  whom  were  added  Professors  Challis  and  Adams.  Dr.  Whewell 
happened  to  be  absent,  and  in  a  kind  letter  expressed  to  Hamilton 
his  regret  at  missing  him,  and  his  pleasure  that  Lady  Affleck  had 
made  his  acquaintance.  On  leaving  Cambridge,  Hamilton  took 
the  opportunity  of  visiting  what  Whewell,  a  connoisseur  in  Gothio 
architecture,  called  in  his  letter  the  '  noble  cathedral '  of  Peter- 
borough. 

He  was  again  in  his  own  Observatory  on  the  27th  of  May, 
and  early  in  the  following  month  had  the  pleasure  of  receiving 
there,  for  long  converse  daring  two  days,  his  fellow- worker  in 
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Quatemions — ^Professor  Tait.  The  record  in  his  journal  of  thiB 
congenial  intercourse  shows  that  it  was  much  enjoyed  by  him. 
The  books  in  preparation  by  both  on  their  common  subject — Qui^ 
temions — were  well  talked  over.  His  journal  of  the  first  day 
records:  ^I  walked  with  him  nearly  to  the  foot  of  the  lane.  At 
parting  he  wanted  to  be  quite  sure  what  my  own  wishes  were  on 
the  subject  of  our  respective  publications.  I  said  that  they  could 
literally  be  expressed  in  two  words — "  Sixty-one,  Sixty-two  :  " 
meaning  of  course  that  /  should  have  \%61  free  to  myself,  and 
that  he  might  have  \S62  to  do  what  he  liked  in. '  In  a  letter  of 
1862  (Aug^ust  29),  Hamilton  writes  to  Tait : — ^  You  are  perfectly  at 
liberty  to  refer  [in  an  intended  contribution  to  a  scientific  periodi- 
cal] in  any  manner  you  choose  to  my  forthcoming  volume,  and 
generally  I  have  entire  confidence  in  your  discretion.  The  only 
thing  I  asked  was  that  you  would  not  publish  a  separate  work 
before  the  appearance  of  the  Elements,  I  shall  be  charmed,  for 
both  our  sakes,  to  set  you  free  as  soon  as  possible.' 

This,  and  other  similar  statements,  show  how  little  able  was 
Hamilton  to  forecast  the  time  which  his  great  work  would  occupy, 
or  the  extent  to  which  it  would  proceed.  I  have  already  recorded 
that  at  first  he  imagined  it  would  not  exceed  400  pages,  and  now 
we  see  he  felt  sure  it  would  be  completed  within  the  year  1861 — 
he  had  previously  named  a  much  earlier  date — whereas,  in  fact, 
the  work  extended  to  nearly  800  pages,  and  was  left  incomplete  at 
his  death  in  the  autumn  of  1865.  His  mistakes  were  attributable 
not  to  any  want  of  industrious  perseverance,  which  in  him  was 
habitual,  but  to  the  vastness  of  the  scale  upon  which  it  was 
natural  to  him  to  work,  and  to  his  inability  to  calculate  the 
extent  of  time  which  would  be  required  for  the  mechanical  trana- 
ferenoe  into  manuscript  and  printer's  type  of  the  mathematical 
operations  and  conclusions  which  were  already  mentally  conceived 
with  perfected  grasp  and  distinctness. 

I  think  it  only  just  that  I  should  here  frankly  state  that  a 
perusal  of  the  correspondence  between  Hamilton  and  Tait  has 
left  on  my  mind,  first,  a  conviction  that,  in  this  matter  of  their 
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projected  works  on  QuatemionB,  Professor  Tait  acted  throughout 
with  strict  regard  to  honourable  obligation,  and,  secondly,  a  corre* 
spending  impression  that  Hamilton,  in  desiring  his  scholar  to  with- 
hold the  publication  of  his  JExampks  in  Quaternions  until  after  the 
appearance  of  the  Elements^  may  have  fallen  into  an  error,  though  a 
most  natural  error,  of  judgment.  Besides  miscalculating  the  time 
which  the  completion  of  his  own  work  would  require,  Hamilton 
naturally  felt  it  to  be  scarcely  fair  to  himself  that  one  to  whom  he 
had  freely  comniunicated  unpublished  methods  and  results  should 
precede  him  in  making  them  known  to  the  scientific  world ;  and, 
looking  beyond  himself,  he  felt  desirous  to  secure  for  his  own 
University  the  credit  which  would  attach  to  the  first  publication 
of  a  methodical  treatise  on  Quaternions.  It  may,  however,  I 
think,  be  believed  that,  had  he  not  been  too  modest  to  estimate 
fuUy  the  magnitude  of  his  own  undertaking,  he  would  have  been 
aware  of  its  superiority  to  all  possible  rivalry,  and  would  have 
arrived  at  the  conclusion  that  the  earlier  publication  of  Professor 
Tait's  Examples  would  have  tended,  not  to  injure,  but  to  promote 
the  success  of  the  Elements^  by  keeping  alive  an  interest  in  the 
subject,  and  by  prepariog  students  for  a  proper  comprehension  of 
the  magnum  opus  that  was  to  follow.  Professor  Tait's  work  was 
}  published,  after  that  of  his  master,  in  1867,  and  an  enlarged  edi- 
tion, in  producing  which  he  enjoyed  the  co-operation  of  Professor 
Kelland,  in  1873.  This  edition  bore  the  title  of  Introduction  to 
Quaternions^  with  numerous  Examples. 

The  following  month  of  July  was  rendered  notable  to  Hamilton 
by  the  appearance  of  the  great  Comet  of  the  yeaxy  first  seen  by  his 
son  Archibald,  amougst  its  earliest  observers,  on  Sunday,  the 
30th  of  June,  and  then  on  succeeding  nights  watched  for  by 
himself. 

He  notes,  Jult/  4,  1861 : — *  It  is  certainly  a  very  fine  one  and 
probably  much  superior  to  Donati's  [1858],  although  I  have  not 
yet  seen  it  favourably.  But  I  was  greatly  struck  by  the  bright- 
ness of  its  nucleus,  as  seen  through  clouds^  at  2  o'clock  on  9* 
morning.' 
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On  the  10th  of  the  month  the  Astronomer  himself,  in  an 
environment  unusual  to  him,  appeared  before  the  publio  as  pre- 
fdding  oyer  a  lecture,  giyen  at  the  Botunda  in  Dublin,  upon 
Japan  by  Dr.  Mao  Gowan,  who  had  been  a  missionaiy  in  Japan 
and  China,  when  these  countries  were  less  known  than  they  now 
are,  and  whom  Hamilton  had  met  in  1859  as  one  of  the  guests  at 
Banchory  House,  near  Aberdeen.  Hamilton  also,  in  the  succeed- 
ing month,  took  some  part  in  the  public  meetings,  over  which  Lord 
Brougham  presided,  of  the  Social  Science  Congress.  And  he  had 
the  gratification  of  introducing  to  Lord  Brougham  his  second  son 
as  a  student  in  physical  science,  who  had  manifested  original 
thought  in  investigations  connected  with  earth-currents  of  electri- 
city. But  the  greatest  gain  brought  to  him  by  these  meetings  was 
his  friendship,  then  first  entered  upon,  with  Dr.  Charles  Mansfield 
Ingleby,  who,  taking  advantage  of  his  visit  to  the  Congress,  sought 
to  be  allowed  to  make  the  acquaintance  of  one  whom  he  said  that 
Englishmen  regarded  as  the  greatest  of  living  Irishmen.  Though 
accomplished  in  both  branches  of  science,  it  was  as  a  metaphysician 
rather  than  as  a  mathematician  that  Dr.  Ingleby  approached 
H^unilton.  Their  day  of  meeting  was  occupied  with  discussions 
on  Kant  and  his  philosophy — discussions  which  led  to  a  correspon- 
dence from  which  some  extracts  will  be  given.  Shortly  after- 
wards, contended  for  as  a  guest  by  friends  new  and  old,  and  this 
time  received  by  Mr.  Oliver  Heywood,  Hamilton  attended  the 
Meeting  of  the  British  Association  at  Manchester,  and  on  his 
return  visited,  at  Croft  Rectory,  near  Warrington,  a  brother 
mathematician,  Thomas  Fenniugton  Kirkman,  a  graduate  of 
Trinity  College,  Dublin,  already  favourably  known  to  him  by 
correspondence.  That  Mr.  Kirkman  was  a  labourer  of  thorough- 
ness and  perseverance  akin  to  Hamilton's  own  may  be  inferred 
from  the  following  passage  in  a  letter  written  by  him  to  Hamilton 
in  1862.  His  field  of  investigation  was  'polyhedra,'  the  same 
which  had  yielded  to  Hamilton  his  Icosian  Calculus.  Speaking 
of  his  results,  Mr.  Kirkman  writes : — 

*  July  15, 1862. — The  labour  you  may  judge  of  when  I  say 
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that  the  oalculations  cannot  be  written  out  in  fewer  than  800  dose 
quarto  pages.  I  have  500  pages  of  retioulations  written,  namely, 
the  preparatory  list  of  groups  of  reticulations  that  can  be  made  out 
of  nine  particularized  polygons  charged  with  polyhedra  of  nine 
edges  and  under ;  and  I  have  not  by  a  great  deal  completed  even 
these,  in  which  I  do  not  go  beyond  constructions  of  twenty-four 
edges.' 

The  following  extracts  will  prove  to  the  reader  what  were  the 
estimates  formed  by  these  men  of  each  other.    Kirkman  writes :  — 

*  July  15,  1862. — I  virish  I  had  the  good  fortune  to  be  nearer 
to  such  a  mathematician  as  you ;  for  it  would  be  of  immense  ad- 
vantage to  have  the  profit  of  conversation  with  such  a  man.  It  is 
a  great  loss  to  me  to  live  cut  off  from  all  scientific  intercourse.' 

Hamilton  to  Kirkman  [from  a  draft],  July  28, 1862.  .  .  .  *It 
would  be  very  difficult  for  me  to  express,  without  having  the  air 
of  flattering,  how  much  I  admire  your  mathematical  genius  and 
discoveries ;  but  it  is  a  real  pleasure  to  me  to  be  allowed  any  little 
opportunities,  such  as  these,  of  testifying  my  respect  and  good- will. 
Some  time  or  other  I  hope  that  you  and  Mrs.  Eirkman  may  be 
guests  of  Lady  Hamilton  and  myself  here.  But  it  is  only  fair  to 
apprise  you  that  my  wife,  like  yours,  uses  an  "  Arabian  "  for  her- 
self, and  that  we  have  no  carriage,  &c.  In  short,  I  lead  a  very 
retired  Ufe  ;  which,  as  I  grow  older,  I  devote  more  and  more  to 
study.  I  might  now  find'  a  difficulty  in  getting  up  a  dinner-party 
for  you,  though  I  have  given  a  good  many  in  my  time.  Perhaps 
I  may  just  be  allowed  to  add  that  I  am  conscious  of  not  having 
been  in  my  normal  state  of  health  during  the  whole  of  my  last 
visit  to  Manchester.  .  .  .' 

What  Hamilton  meant  by  devotion  of  life  to  study  is  indicated 
by  facts  which  I  find  incidentally  recorded,  that  on  one  day  in 
August,  1861,  he  spent  ^  more  than  twelve  hours  at  work,'  and  on 
the  29th  of  October  following  '  at  least  thirteen  consecutive  hours.' 

At  the  end  of  the  year  Hamilton  indulged  himself  with  the 
purchase  of  Love  the  Greatest  Enchantment,  Sfc.y  from  the  Spanish 
of  Calderon,  by  D.  F.  Mac  Carthy.     In  perusing  this  translation. 
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speoially  oommendable  for  its  adherence  to  the  metre  of  the 
originaly  Hamilton  came  upon  a  passage  expressing  the  connexion 
between  philosophy  and  mathematics,  which  as  a  philosophical 
mathematician  he  could  not  but  challenge  as  a  mistaken  interpre- 
tation. He  thuSy  with  characteristic  deference,  submits  the  point 
to  the  translator,  whose  reply  was  a  frank  admission  of  the  blot 
hit  bj  his  friendly  critic. 

From  Sir  W.  R.  Hamilton  to  Denis  Florence  Mac  Carthy. 

*  Obsekyatoet,  December  13,  1861. 

*  You  haye  now  a  great  opportunity  of  instructing  me  at  once 
in  Mathematics,  Philosophy,  and  Spanish. 
^  At  p.  43  occurs  the  passage 

'<  No  te  digo,  que  estadi^ 
Con  generoflo  motivo 
Matematicaa,  de  quien 
La  filosofia  principio 
Fu6 ;  no  te  digo,  que  al  oielo 
L06  dos  movimientos  mido, 
Natural  y  rapto,  .  .  ." 

which  of  course  increases  my  intellectual  respect  for  the  Enchant- 
ress of  ancient  fable.  I  suspect  that  ITlysses  hardly  caught  her 
allusion  to  the  distinction  between  natural  and  violent  motion ; 
but,  waiving  Astronomy,  and  all  old  speculations  on  physical 
science,  I  want  to  ask  you  whether  Circe  may  not  (through  her 
interpreter,  Oalderon)  have  spoken  of  Philosophy  as  the  base  or 
'^  principio "  of  Mathematics,  rather  than  the  latter  of  the 
former  P  .  .  .' 
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CHAPTER  XLVII. 

EXPBN8B  OF  PRINTINQ.      ROBER's  ESSAY.      AMOUNT  OF  SCRIBE-TOIL. 

(l862.) 

At  this  time,  when  his  Elements  were  approaching  the  five- 
hondreth  page,  Hamilton  was  brought  into  a  state  of  serious 
anxiety  by  the  exhaustion  of  the  grant  which  the  Board  of  Trinity 
College  had  made  towards  defraying  the  cost  of  printing.  He  saw 
that  he  was  threatened  with  an  expenditure  which  his  private 
resources  were  insufficient  to  meet.  In  this  crisis  he  imparted  his 
difficulty  to  his  friend  Dr.  Hart,  from  whom  in  return  he  received 
a  suggestion  that,  following  the  successful  example  of  Dr.  Sahnon, 
he  should  try  whether  an  English  publisher  would  not  share  with 
him  the  risk  of  publication.  From  letters  of  Hamilton  written  to 
Dr.  Hart  on  this  subject  I  make  some  extracts  which  will  be 
found  not  only  to  unveil  the  extent  of  his  anxieties  and  his  labours, 
but  incidentally  to  express  in  memorable  terms  what  were  his 
feelings  towards  Dr.  Salmon,  and  what  were  his  convictions  in 
regard  to  the  work  he  had  in  hand,  and  to  the  need  that,  in  using 
and  carrying  forward  his  discovery,  he  should  have  the  aid  of 
other  labourers  in  the  field  of  the  Higher  Algebra, 

Dram  Sir  W.  E.  Hamilton  to  A.  S.  Hart,  ll.d.,  s.f.t.c.d. 

'May  17,  1862. 

* ...  To  you  I  shall  then  send  a  fair  and  final  copy  of  that 
half-sheet,  but  when  I  may  have  another  half-sheet  of  the  Elements 
to  send  you  is  more  than  I  can  say.  For  the  crisis  is  come  at  last, 
and  the  impression  is  suspended  for  want  of  funds.  I  have  not 
yet  made  any  formal  application  to  the  Board,  much  less  to  the 
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Boyal  Society,  or  any  other  quarter,  but  have  forwarded  all  the 
pages  to  my  old  friend,  Dr.  Lloyd,  who,  as  you  told  me,  acts  now 
as  Begistrar.     Faithfully  yours.' 

*  P.  S. — I  know  that  you  are  not  the  officer  of  the  College  io- 
be  troubled  just  now  with  any  application ;  but  since  we  have  been 
lately  in  free  communication  with  each  other,  I  shall  just  say  that 
I  think  the  Board  would  do  themselves  honour,  and  serve  the 
cause  of  Science,  by  voting  a  new  (and  final)  grant  of  £100,  to 
make  possible  the  publication  of  the  Elements.  It  is  all  fair  that 
I  should  run  some  risk — say  even  £50 — as  probably  I  shall  after 
that;  but  has  Ireland  ever  produced  a  new  branch  0/ Mathematics^ 
or,  say,  only  a  new  Calculus  before?  And  can  you  or  anyone  else 
really  suppose  that  I  can  enter  the  market  on  any  terms  of  equality 
with  our  friend  Salmon,  whom  I  profoundly  admire  and  love — but 
who  finds  his  public  ready  made,  namely,  all  the  mathematicians 
of  the  living  world:  whereas  I  have  to  create  my  public?  In 
short,  can  you  seriously  suppose  that  the  publication  of  the  Elc" 
ments  is  a  commercial  enterprise  ? ' 

'  May  24,  1862.  .  .  .  The  chief  feature  of  the  whole  work — 
whenever  it  can  be  printed  and  published — ^will  probably  be  that 
Theory  of  Linear  Functions  of  Vectors  and  Quaternions,  to  which 
I  lately  alluded.  As  you  have  been  so  good  as  to  seem  to  take 
some  interest  in  it,  and  in  the  work  generally,  I  have  thought  that 
you  might  not  dislike  my  making  up  for  you  what  I  consider  as 
my  final  copy  of  the  first  six  articles,  with  their  sub-articles,  of  the 
sixth  section  of  the  last  chapter.  You  need  not  be  in  any  haste  to 
return  it,  at  least  until  it  can  be  printed,  and  you  can  let  any 
friend  in  College  see  it  if  you  choose.  It  will  show,  I  think,  that 
great  pains  have  been  taken  to  produce  clearness  and  compression. 
Yet  I  fear  that  the  copy  sent  represents  only  about  a  third  part  of 
the  section.  After  ity  however,  there  will  remain  only  applications^ 
easier  by  far,  and  which  it  will  be  the  distinctive  mark  of  success 
to  be  able  to  treat  briefly.  Besides,  Application  enters  only 
subordinately  into  the  conception  of  my  present  work.  I  want  to 
finish  a  Book  of  R^erence — a  short  one,  unluckily  for  sale,  it 
cannot  now  be — ^but  my  intention  for  myself,  and  hope  as  regards 
other  writers,  is  that  the  Elements  may  be  citedy  almost  like  the 
aToi\ua  of  Euclid,  in  future  treatises  or  memoirs  on  the  Quater- 
nions. My  own  hope  is  to  cite  them  in  future  essays  in  the  Trans* 
actions  of  the  Boyal  Irish  Academy,  &c. ' 
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'  May  27,  1862.  ...  I  have  wished  to  submit  to  the  Board, 
previously  to  applying  for  their  aid,  the  manuscript  of  that  sixth 
section  of  the  final  chapter  on  Linear  Functions  of  Yeotors,  &c., 
which  will  be,  as  I  expect,  the  principal  feature  of  the  volume, 
and  of  which  the  geometrical,  and,  above  all,  the  physical  applica- 
tions appear  likely  to  be  of  vast  importance — ^in  the  hands  of  other 
persons,  ...  It  would  be  rash  to  promise  that  the  volume  shall  be 
concluded  under  500  pages — ^at  least  if  some  contents  and  some 
preface  be  included — but  I  assure  you  that  I  am  beginning  to 
wish  to  have  done  with  it.  The  labour  has  been  very  severe, 
including  the  mechanical  part,  which,  however,  appeared  to  be 
necessary.  I  estimate  that  the  work  will  have  cost  me  not  less 
than  ten  thousand  hours.  Let  us  call  it  the  advance  (and  not  the 
^vd/3a(jic)  of  the  Ten  Thousand.' 

On  the  14th  of  June  his  old  friend  Dr.  Lloyd  had,  as  acting 
Kegistrar,  the  gratification  of  communicating  to  Hamilton  the 
consent  of  the  Board  to  advance  a  second  £100  towards  the  print- 
ing of  the  Elements^  accompanied,  however,  by  the  conditions  that 
Hamilton  was,  as  he  himself  had  proposed,  ^  to  pay  the  remainder 
of  the  cost,  and  that  the  foregoing  sum  was  to  be  paid  by  the 
Bursar  when  the  work  was  completed.'  In  returning  his  best 
thanks  through  Lloyd  to  the  Board,  Hamilton  adds : — '  It  will  make 
the  publication  of  the  Elements  of  Qmtemions  in  a  satisfac- 
tory form  possible ;  and  it  is  my  business  to  look  to  the  rest.  It 
will  protect  me  from  actual  pecuniary  loss^  and  that  is  about 
as  much  as  I  look  for — except  in  the  way  of  fame  for  the  College 
and  myself.' 

It  must  here  be  noticed,  what  the  reader  may  have  anticipated, 
that  the  continually  increasing  size  of  his  book  inevitably  renewed 
the  anxieties  which  I  have  been  recording,  and  which  were  not  to 
cease  before  his  death. 

The  following  extract  from  a  letter  to  myself  (May  20, 1862) 
proves  that,  notwithstanding  these  anxieties,  he  was  at  this  time 
working  with  unremitting  zeal,  and  places  on  record  his  judgment 
as  to  the  comparative  merits  of  his  two  great  volimies  on  Quater- 
nions : — ' ...  I  am  still  intensely  occupied  with  my  new  work,  the 
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Elements  of  Quatemumsj  which  I  consider  to  be  incomparably 
superior  as  a  book  to  the  Lectures^  although  the  earlier  one  maj 
perhaps  be  considered  to  possess  a  greater  interest  in  the  History 
of  Science.' 

In  the  autnmn  of  1862  Hamilton's  work  on  the  Elements  was 
agreeably  interrupted  by  a  scientifto  investigation  of  a  completely 
different  character.  The  Archbishop  of  Dublin,  Dr.  Whately, 
had  encouraged  his  son-in-law,  Mr.  C.  B.  Wale,  to  act  upon  the 
wish  of  a  friend  by  requesting  Hamilton's  opinion  on  two  essays 
by  Friedrich  G-ottlob  Bober,  the  object  of  the  first  of  which 
was  to  set  forth  a  geometrical  construction  of  the  regular  hep- 
tagon. 

The  droumstances  and  the  result  rendered  this  a  very  interest- 
ing inyestigation,  for  the  supposed  geometrical  discovery  announced 
had  been  arrived  at  by  Bober,  who  was  Professor  of  Architecture 
at  Dresden,  from  considering  the  measurements  of  an  Egyptian 
Temple — that  of  Edf u  on  the  Nile.  And  so  much  of  interest  still 
attaches  to  the  question  of  the  extent  and  purpose  of  the  use  of 
geometrical  knowledge  in  the  structure  of  Egyptian  Temples  and 
Pyramids,  that  I  think  it  right  here  to  insert  two  of  Hamilton's 
original  records  of  his  investigation.* 

It  is  true  that  his  results  were  published  in  the  Philosophical 
Magazine  for  February,  1864 ;  but  my  reader  will,  I  doubt  not, 
enjoy  the  perusal  of  documents  written  when  the  impressions 
made  upon  his  mind  by  the  study  of  this  interesting  subject  were 
fresh  and  deep.  I  reproduce,  first,  Hamilton's  prdcis  of  the  facts, 
as  I  find  it  in  Manuscript  Book  B.,  1845,  p.  121,  and,  next,  his 
letter  to  Mr.  Wale,  which  gives  glowing  expression  to  his  feelings, 
as  well  as  a  pointed  statement  of  his  results. 


*  In  disonssiiig  the  question  to  whioh  I  have  above  referred  it  has,  I  think, 
to  he  borne  in  mind  that  although  these  Egyptian  edifices  may  have  been,  as  to 
their  main  objects,  religions  or  memorial,  their  architects  undeniably  exhibited 
in  the  construction  of  them  a  notable  amount  of  geometrical  knowledge,  and  may 
not  unreasonably  haye  been  supposed  to  haye  adopted  means  of  indicating  and 
so  conserying  the  truths  upon  whioh  they  worked. 
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*0n  Bober's  Construction  of  thb  Heptagon. 

*1.  On  September  11,  1862,  Mr.  C.  E.  Wale,  son-in-law  of 
the  Archbishop  of  Dublin,  drove  out  to  this  Observatory,  but  did 
not  oome  in :  he  left,  however,  a  note  to  me,  and  also  a  couple  of 
German  Essays,  byFriedrich  Bober,  which  had  been  sent  through 
Mr.  Wale,  from  Mr.  Sharman,  of  Montreux,  Canton  de  Yaux, 
Suisse,  with  a  request  that  I  should  examine  them,  and  give  my 
opinion  on  their  accuracy  and  value,  or,  at  least  generally,  send 
some  message  by  him  to  his  friends  in  Switzerland,  on  his  return. 

*  2.  The  earliest  of  the  two  Essays  is  entitled :  Beitrdge  zur 
Erforschung  der  Oeometriachen  Grundformen  in  den  alien  Templen 
AegyptenSy  und  deren  Beziehung  zur  alien  NaiurerkenntniaSy  von 
Friedrich  Bober.  Mit  IV  lAihographirien  Tafeln.  Dresd^tn. 
Verlag  von  Voldemar  Turkf  1854. 

^3.  I  understand  the  author  to  say,  in  his  preface,  that  his 
deceased  father,  who  seems  to  have  been  Professor  of  Architecture 
in  the  Academy  of  Dresden,  and  to  have  died  at  Paris  in  1833, 
conceived  himself  to  have  explained  the  construction  of  the  ancient 
Temple  of  JSdfu,  as  being  connected  with  the  Inscription  of  a 
Regular  Heptagon  in  a  circle,  on  a  plan  which  he  had  discovered. 

^  4.  Accordingly,  at  page  15  of  the  Memoir  or  Essay,  he  gives 
— ^but  I  take  it  as  a  process  discovered  by  his  father — a  geometrical 
construction  for  the  following  problem :  ''  Einen  gleichschenk- 
ligen  Triangel  zu  beschreiben  in  welchem  jeder  der  Winkel  an 
der  Qrundlinie  das  Dreifache  des  dritten  Winkel  ist."  And  the 
construction  is  illustrated  by  a  Diagram^  Tab.  i.  Fig.  1.,  which  is 
not  of  excessive  complexity. 

*  5.  My  first  impression  was  that  I  should  find  either  an  error^ 
or  at  least  a  rude  approximation  ;  but  to  my  great  surprise,  indeed 
astonishment,  on  repeating  all  the  calculations,  with  Taylor^s 
Logarithms^  I  found  myself  imable  to  decide  whether  the  result 
erred  in  excess^  or  in  defect :  assuming  that  it  must  err,  because 
only  right  lines  and  circles  are  employed,  while  the  problem  depends 
essentially  on  the  solution  of  a  cubic  equation^  and  therefore  cannot 
be  resolved  by  extraction  of  square  roots  alone. 

*  6.  And  I  wrote  a  note,  dated  September  12th,  to  Professor 
De  Morgan  to  express  this  feeling  of  surprise  :  giving  at  the  same 
^time  ihe  formula  by  which  I  had  expressed  the  construction. 
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'  7.  Finding  that  seven-figure  logarithms  left  the  question  doubt- 
ful— at  least  as  I  had  used  them — I  resolved  to  go  through  the 
entire  calculation  by  arithmetic  alone,  and  without  any  tables. 

*  8.  I  have  since  performed  the  calculation  with  still  greater 
accuracy  than  before :  aiming  indeed  at  having  15  decimal  places 
-GOTcrecty  and  using  often  16  decimals  in  the  calculations.  Content- 
ing myself,  however,  with  13  in  the  final  result,  I  find  that  Roberts 
construction  gives 

?:  -  1  =  cos  ^  =  0-62349  00769  241 ; 
while  the  cubic  equation  2a^  +  a?*  -  a:  =  J  gives 

«  =  cos  y  =  0-62348  98018  687. 

^9.  Bober's  cosine  is  therefore  greater  than  the  true  one,  by 
about  247  in  the  9th  place  of  deoimaLs,  which  answers  to  a  defect 
of  arc,  amounting  to  about  35  in  the  8th  place,  if  the  radius  be 
taken  for  unity  and  consequently  if  a  tenth  of  a  second  be  repre- 
sented by  about  6  in  the  7th  place  of  decimals.  Sis  error  then,  on 
a  single  seventh  of  the  circumference,  is  only  about  -  0'''07 ;  and  the 
^rror  of  his  sevenfold  arc  is  a  defect,  but  one  which  scarcely  amounts  to 
half  a  second :  or  that  sevenfold  arc  is  indeed  shorter  than  the  true 
circumfjerence,  but  only  by  about  the  800,000^A  part  of  the  diameter. 

*'  10.  On  the  equator  of  the  earth  the  error  of  a  single  seventh 
would  only  be  about  seven  feet.  If  the  radius  were  f\fty  feet,  or 
•600  inches,  the  error  of  the  single  arc  would  be  only  three  halves  of 
the  thousandth  part  of  an  inch,  and  therefore  scarcely  visible,  if 
at  all,  to  the  naked  eye.  On  the  great  circle  of  this  Observatory,  the 
sevenfold  arc  would  err  by  only  about  the  eight  thousandth  part  of 
-an  inch? 

From  SiK  W.  E.  Hamilton  to  C.  B.  Wale,  Esq. 

<  Obsebvatobt,  S9pUnf^>eT  15,  1862. 

'  A  wish  to  gratify  the  archbishop  and  yourself  was  the  first 
motive  for  my  attempting  to  examine  to  some  small  extent  the 
Essays  of  Bober  which  you  had  the  goodness  to  leave  for  me  a 
few  days  ago,  and  to  form  some  opinion  on  their  value,  unimpor- 
tant as  that  opinion  might  be.  But  the  Memoir  on  the  ancient 
temples  of  Egypt  (Bober,  Dresden,  1854)   has  interested  me 
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profoiindlj.  Indeed  I  hare  scaroely  been  able,  sinoe  I  opened  it, 
to  attend  to  anything  else ;  and  it  led  me  into  some  long  caloula- 
tions  which  I  have  only  just  completed  to  my  satisfaction.  As  I 
have  paid  no  special  attention  to  Egyptian  Antiquities,  nor  medi^ 
fated  much  on  such  mystical  guesses  as  some  have  made  at  their 
inner  meaning,  the  only  point  which  I  could  hope  to  study  usefully 
was  the  geometrical  discovert/  announced  in  the  first  memoir,  namely^ 
*^  the  construction  of  the  regular  heptagon,"  which  the  elder  Eober 
aippears  to  have  divined^  from  the  study  of  the  ancient  Temple 
Architecture.* 

^  I  entered  on  the  subject,  perhaps  with  prejudice ;  for  like 
most  (if  not  all)  modem  geometers,  I  have  been  accustomed  to 
liold,  and  indeed  still  do  hold,  that  it  is  impossible  tQ  construct  such 
a  heptagon  with  the  "right  line"  and  "circle"  alone.  Tet,  to  my 
great  surprise,  I  found  no  error  in  Bober's  numbers;  and  on  re- 
peating the  calculations  on  another  plan,  with  Taylor's  seven- 
figure  logarithms,  I  found  myself  quite  unable  to  pronounce 
whether  Bober's  arc  erred  in  excess  or  in  defect  from  the  exact 
seventh  part  of  the  circumference;  for  that  it  must  err  I  felt 
assured. 

*  It  seemed,  therefore,  worth  while  to  go  much  more  closely  to 
work ;  and  laying  tables  entirely  aside,  to  perform  the  whole  of  the 
work  for  myself,  by  arithmetic  aloncy  and  especially  by  extractions 
of  square  roots.  And  to  be  quite  sure  of  a  high  degree  of  accuracy 
in  the  final  result,  I  made  it  a  rule  to  work  with  not  fewer  than 
fifteen  decimal  places^  besides  employing  all  verifications  that  I 
oould  think  of  in  the  progress  of  calculation,  which,  thus  labori- 
ously conducted,  has  covered  many  sheets  of  paper,  and  cost  me 
many  hours  on  two  or  three  successive  days. 

'  At  last,  however,  it  is  finished ;  and  I  should  have  no  hesita- 
tion to  commit  myself  publicly  to  the  result,  which  is,  technically 
expressed,  that  the  natural  cosines  of  the  angle  assigned  by  Bober's 
oonstruction  is,  to  thirteen  decimals,  0*62349  00759  241,  whereas 
the  true  cosine  of  the  seventh  part  of  four  right  angles  deduced  to 
a  corresponding  accuracy  from  a  known  cubic  equation  I  find  to 
be  a  little  less,  namely,  0*62348  98018  587.  Admitting,  though  I 
do  not  believe  it,  that  the  two  or  three  last  of  these  decimals  matf 

*  The  subject  of  the  Second  Essay  was  The  Pyramids  and  Parthenon. 
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be  wrong  after  all  the  precautions  taken,  I  am  quite  satisfied  that 
the  cosine  of  the  Egyptian  Angle — for  reallj  Bober  seems  to  make 
it  likely  that  the  Egyptians  did  employ  it — is  somewhat  greater^ 
and  that  the  cosine  of  the  true  or  geometrical  angle  (for  of  course 
we  can  in  geometrical  conception  divide  the  circumference  into  any 
number  of  equal  parts)  is  somewhat  less  than  0*62349,  and  con- 
sequently that  the  supposed  Egyptian  imle  of  the  heptagon  is  not 
mathematically  perfect y  though  Bober  seems  to  suppose  it  to  be  so. 
And  if  you  should  ever  think  me  worth  citiug  on  the  subject,  I 
request  you  to  bear  in  mind  that  such  is  one  of  the  results  of  my 
inyestigation. 

*  But  now  let  us  turn  the  tables  and  inquire  how  near  does  the 
supposed  ancient  rule  come  to  the  truth  ?  ffow  small,  in  practice, 
is  the  error  which  theory  pronounces  to  exist  ?  And  I  answer 
that  in  practice  the  error  does  not  exist  at  all.  I  do  not  think 
that  experiments  of  measurement,  &c.,  could  be  so  conducted 
by  men,  at  least  in  the  present  age,  as  to  prove  to  sight  that  there 
was  any  error.  For  practical  purposes,  then,  the  elder  of  the 
Bobers,  or  the  old  Egyptian  sage  whose  secrets  he  supposed  him- 
self to  have  divined,  has  done  the  impossible. 

*We  have  in  this  (Dublin)  Observatory  a  circle  movable  in 
azimuth,  the  largest  of  the  kind  in  the  world.  If  on  this  Oreat 
Circle  (and  of  which  the  radius  is  four  feet)  seven  successive 
Egyptian  arcs  were  set  off  from  an  assumed  zero  or  initial  point, 
the  last  would  end  within  about  the  eight-thousandth  part  of  an  inch 
of  that  point  v^dth  which  the^ra^  began ;  and  on  the  eartKs  equator 
this  sevenfold  error,  which  is  one  of  defect,  would  only  amount  to 
about  50  feet.  In  short  I  compute  that  the  sevenfold  arc  falls  short 
of  the  true  circumference,  but  only  by  about  half  a  second.  And 
although  we  aim  at  not  neglecting  half  or  even  the  tenth  part  of  a 
second  in  astronomy,  yet  such  an  error  of  observation  very  often 
occurs,  and  nobody  could  be  sure  of  detecting  the  eight-thousandth 
of  an  inch,  so  as  to  say  that  it  had  not  arisen  from  some  slight 
slip  of  the  compasses,  &c.,  in  the  construction.  But  calculation 
carefully  conducted  is  infaUible,  and  I  have  no  shadow  of  doubt 
upon  the  question. 

*  Yet  the  practical  success  of  the  rule  is  to  me  absolutely  wonder- 
ful :  and  it  is  long  since  any  discovery  in  science  produced  in  me 
such  a  sensation  of  surprise.    It  enables  me  more  than  before 
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to  realize  what  we  are  told  of  the  "wisdom  of  the  Egyptians." 
Perhaps  the  construction  was  disclosed  to  Moses— though  one 
cannot  see  what  use  it  can  have  been  to  him,  except  perhaps  as  an 
element  of  intellectual  preparation.  Some  think  that  Euclid — who 
certainly  knew  much  more  than  what  was  in  his  Element h — de- 
rived instruction  from  the  Efist  or  from  Egypt.  If  so,  and  if  the 
rule  was  at  that  time  known  there,  according  to  the  Theory  of 
Rober,  I  do  not  think  it  necessary  to  suppose  that  Euclid  refrained, 
from  any  oath  or  obligation  of  secrecy,  from  publishing  the  con- 
struction of  the  lleptagon.  He  was  not  in  the  habit  of  believiny 
his  eyes  in  Geometry.  It  was  nothing  to  him  that  the  construction 
was  reasonably  simple,  and  that  he  could  see  no  want  of  "  closing 
up  "  when  the  sevenfold  arc  had  been  completed.  He  doubtless 
asked  for  b,  proof:  and  the  Egyptians  had  none  to  give.*  Such 
then  are  my  two  main  conclusions,  which  I  may  thus  recapitulate : 

*(1)  The  (alleged)  Egyptian  Rule  for  the  construction  of  the 
Regular  Heptagon  is,  in  rigour  of  theory,  erroneous. 

'  (2)  The  same  mle  of  construction  of  the  Heptagon  is,  however, 
for  all  practical  purposes^  perfect. 

*  No  artist  of  the  present  day,  I  feel  sure,  would  undertake  to 
divide  a  circle  into  7  (seven)  equal  parts,  with  a  superior,  or  even 
an  equal  accuracy,  to  that  which  the  construction,  if  fully  carried 
out,  would  give. 

*  I  bog  that,  when  you  have  the  opportunity,  you  will  convey 
my  best  thanks  to  Mr.  Sharman  of  Montreux  for  his  very  welcome 
present  of  those  two  Memoirs  of  F.  Rober.  And  I  hope  that  by 
the  labour  which  I  have  recently  gone  through,  on  the  occasion  of 
reading  one  of  them,  and  by  the  length  to  which  this  letter  has 
extended,  I  have  sufficiently  marked  my  thanks  to  you,  and  my 
affectionate  respect  for  the  Archbishop.  .  .  .' 

*  Hamilton  here  gives  to  Eaclid  a  character  which  belonged  also  to  himself. 
I  remember  a  comment  of  his  upon  a  fact  mentioned  in  a  letter  from  Dr. 
Haugliton,  S.F.T.C.D.,  now  President  of  the  Royal  Irish  Academy — a  man  in 
regard  to  whom  1  have  met  with  a  strong  expression  of  Hamilton's  *  respect  and 
admiration.*  That  letter  contained  the  following  sentences : — *  I  know  of  no 
person  who  has  not  seen  Conical  Kefractiou  that  really  believed  in  it.  I  have 
myself  converted  at  least  a  score  of  mathematicians,  by  showing  them  the  Conn 
of  LighL*  Hamilton's  laughing  remark  on  the  persons  referred  to  by  Dr. 
Ha  ugh  ton  was  this:— *  How  different  from  me  I  If  I  had  seen  it  only,  I 
should  not  have  believed  it.  My  eyes  have  too  often  deceived  me.  I  believe  it, 
because  I  have  proved  it.' 
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In  carrying  through  thLs  investigation  he  found  it  convenient 
to  employ  what  he  calls*  *  that  powerful  method  of  Horner,  for 
the  arithmetical  calculation  of  numerical  equations/  a  method  he 
had  long  known  theoretically,  but  had  not  practised,  t  Of  this 
method  Professor  De  Morgan  was  an  intense  admirer,  considering 
it  the  greatest  recorded  discovery  in  arithmetic.  He  furnished 
Hamilton  with  some  improvements  in  the  manner  of  working 
with  it,  and  in  a  sort  of  rivalry  they  both  proceeded  to  calculate 

to  22  places  of  decimals  the  cos.  of  -- ,  which,  working  indepen- 
dently, they  found  to  be 

=  0-62348  98018  68733  53052  50. 

Hamilton's  manuscript  books  afford  striking  evidence  of  the 
amount  of  numerical  computation  requisite  to  arrive  at  such  a 
result :  they  show  also  that  he  was  not  content  with  working  upon 
the  particular  problem  before  him,  but  that  other  cubic  equations 
furnished  liim  with  material  to  which  he  vigorously  applied  the 
same  method :  in  one  case  carrying  out  his  calculation  to  28  places 
of  decimals.  Yet  this  laborious  work  was  in  a  sense  play  to  him. 
On  the  17th  of  September  he  writes  to  De  Morgan : — *  All  this  has 
quite  distracted  me  from  the  Elements.^  On  the  26th  he  writes : — 
'  I  must  now  drop  arithmetic  for  awhile ;  though  the  work  gone 
through  has  rather  refreshed  than  fatigued  me.'  In  the  autumn 
of  the  following  year  he  again  corresponded  with  De  Morgan  on 
this  subject,  and  prepared  the  memoir  respecting  it,  which  was 
printed  in  the  Philosophical  Magazine  for  February,  1864 — his  last 
contribution  to  that  periodical. 

It  may  here  be  mentioned  that  at  this  time  Hamilton  was  a 
very  solitary  labourer.  Except  what  the  Observatory  assistant, 
Mr.  Thompson,  could  but  rarely  render  hiiu,  he  had  no  help  in 


*  New  Method  of  solving  Numerical  £quaiionit.    By  W.  G.  Homer :  J^n- 

don,  1819. 

t  See  ManuBoript  Book,  « 1863,  Kumber  6/  p.  21,  draft  letter  to  his  son 

Aiobibald. 
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keeping  copies  of  mathematical  work  or  correspondence.  His 
manuscript  books  had  some  years  previously  borne  witness  to  th& 
assistance  dutifully  rendered  to  him  in  this  way  by  his  two  sons  ; 
but  now  both  of  them  had  left  their  home.  His  eldest  son  had,  in 
1862,  accompanied  his  Aunt  Sydney,  his  father's  only  surviving 
sister,  to  Nicaragua,  where  for  some  years  she  devoted  herself  to 
keeping  a  school  for  girls  at  Gfreytown,*  and  where  he  sought  for 
employment ;  and  the  younger  son,  who,  for  some  time  after  hi» 
ordination  in  1860,  had  served  as  curate  of  his  native  parish^ 
Castleknock,  and  while  so  acting  resided  at  home,  had  now 
entered  into  clerical  engagements  at  a  distance.  Occasionally,, 
indeed,  the  feminine  hand  of  his  daughter  appears  in  those 
manuscript  books,  requisitioned  on  an  emergency  to  copy  a  letter 
or  even  a  scientific  paper,  but  usually  the  labour  is  all  his  own, 
and  it  must  have  been  enormous.  Few  persons,  it  is  true,  would 
have  kept  such  full  record  of  correspondence,  and  all  particulars 
connected  with  it,  as  Hamilton  was  in  the  habit  of  doing,  but  still 
the  great  mass  of  this  voluminous  material  was  genuine  and  im- 
portant work.  And  it  causes  to  the  reader  who  examines  it  a 
perpetually  renewed  feeling  of  astonishment  at  the  amount  of 
industry  it  represents. 


*  It  appears,  from  an  interesting  and  able  letter  from  her  to  her  brother, 
that  Sydney  Hamilton  at  this  time  desired  much  the  rehabilitation  of  the  Obser- 
vatory at  Bogota  in  Columbia  (of  which  the  site  was  the  nearest  to  the  equator, 
and  at  the  highest  altitude  of  any  Observatory  in  the  world),  and  even  enter- 
tained the  idea  of  offering  her  own  services  towards  the  undertaking,  as  aocus- 
tomed  to  observe,  and  to  make  reductions  of  Astronomical  observations. 
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CHAPTER  XLVin. 

SCIENTIFIC    ITEMS.      CONCLUSION    OF    DE   VERB    CORRESPONDENCE. 
THE  ROTAL  IRISH  ACADEMY  AND  THE  ROYAL  DUBLIN  SOCIETY. 

(1863.) 

The  year  of  Hamilton's  life  at  which  we  have  arrived  was  marked 
by  no  outward  events  in  his  history,  yet  the  reader  will,  I  think, 
find  interest  in  some  extracts  which  I  proceed  to  give  from  letters 
which  passed  about  this  time  between  Hamilton  and  various  scien- 
tific friends.  They  will  be  followed  by  the  concluding  portion  of 
the  correspondence  with  Aubrey  De  Yere.  At  the  end  of  the 
•chapter  will  be  found  Hamilton's  ^Memoranda*  of  the  part  taken 
by  him  in  an  important  discussion  at  the  Boyal  Irish  Academy  on 
a  proposed  subordination  of  the  Academy  to  the  Boyal  Dublin 
Society. 

From  Professor  P.  G.  Tait  to  Sir  W.  11.  Hamilton. 

« April  3,  1862. 

'I  showed  Conical  Befraction  to  twenty  of  my  class  this 
morning  (at  once),  having  splendid  sunshine.' 

^  August  26, 1862. — Professor  Bolzani  is  here  and  we  have  had 
long  discussions  on  the  subject  [Quaternions].  He  is  inmiensely 
interested  in  it,  and  has  given  a  course  of  lectures  on  it  in  Bussia, 
of  which  he  has  promised  to  send  copies  when  printed.  He  intends 
to  visit  you  in  Dublin  before  returning  to  Kasan.' 

After  urging  Hamilton  further  to  develop  particular  results, 
which  he  indicates,  Tait  continues: — 

'  Such  things  as  these  would  show  the  enormous  value  of  qua- 
ternions to  PhyfiicUtSy  and  that  is  in  my  eyes  worth  any  amount  of 
pure  analysis  or  geometrical  theorems.' 
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Hamilton  to  Professor  Tait,  acknowledging  the  receipt  of  a 
proof  of  Cliap.  IT.  of  Thomson  and  Tait's  Dynamical  Laics  and 
PrincipleSy  writes: — 

*I  am  much  obliged,  and  expect  to  learn  much  from  a 
careful  perusal  of  the  Treatise.  And  indeed  I  have  much  to 
learn. 

'  Tlie  world  of  Science  seems  to  admit  that  I  had  not  only  read 
but  written  to  some  purpose  on  Dynamics  about  thirty  years  ago  ; 
but  a  new  generation  has  arisen.  Energy  and  Worky  in  the  old 
English  meaning,  are  things  not  unfamiliar  to  me.  But  I  have 
only  the  dimmest  views  of  the  modern  meanings  attached  to  those 
terms.  From  "Thomson  and  Tait"  I  hope  at  last  to  be  instructed 
on  the  point :  not^  of  course,  without  patient  study  on  my  part* 
A  certain  humility  and  teachableness  of  the  ethical  kind  I  can 
promise. 

*  I  have  long  got  so  far  as  to  understand  the  foot-pound  a» 
applied  to  the  raising  of  weights.  But  if  10,000  foot-pounds  of 
work  have  been  expended  in  raising  100  pounds  through  100  feet, 
and  if  the  load  be  then  let  f ally  and  descend  to  its  first  level,  I  wish 
to  be  instructed  whether  and  why  and  in  what  sense  you  Energists^ 
deny  tliat  a  negative  mynad  of  foot-pounds  of  tcork  has  been  done 
by  gravity.  When  poor  Sisyphus  had  patiently  toiled  in  rolling 
his  great  stone  up  tlie  hill,  and  back  again 

(I  quote  from  the  Odyssey  memoriter,  and  probably  inaccurately) 
might  he  not  have  consoled  himself  by  the  thought  that  the  aven- 
ging Fates,  or  Furies,  had  been  compelled  to  take  some  counter- 
acting trouble  P  Tour  book  when  complete,  may  enable  even  me  to- 
understand  all  this,  slight  as  my  instinct  is  for  physics.* 

The  same  disposition  to  appreciate  fully  the  work  of  others 
and  to  submit  himself  as  a  learner,  while  at  the  same  time  claim- 
ing the  share  of  credit  due  to  himself,  is  manifested  in  the  follow- 
ing acknowledgment  to  its  publishers  of  a  presentation  copy  of  a 
fioientifio  treatise. 
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To  Messrs.  Macmillan  &  Co. 


*^j»n710,  1863. 


'  I  am  much  obliged  by  the  attention  on  the  part  of  the  authors, 
and  of  yourselves,  in  your  having  lately  sent  me  a  complete  copy 
of  the  obviously  very  valuable  Treatise  on  Solid  Geometry  by  Messrs. 
Frost  &  Wolsteuholme.  ...  I  have  already  treated,  by  my  own 
calculus,  a  good  mar.y  rather  difficult  questions  of  solid  geometry ; 
for  example,  one  which  is  analogous  to,  but  greatly  more  general 
than,  that  of  the  Edge  of  a  Tubular  Surface ^  which  1  see  treated  at 
page  373  of  the  Treatise  recently  sent  me.  In  doing  so  I  inte- 
grate and  interpret,  by  quaternions,  a  differential  equation  of  the 
second  order  and  second  degree,  between  four  variables,  which  was 
assigned  by  Monge  in  his  Ap2)lication  de  V Analyse  d  la  Oiom4trie 
(page  372  of  Liouville's  Edition,  or  page  325  of  my  old  friend  the 
Fourth  Edition,  Paris,  1809,  with  which  I  was  familiar  when  a 
boy),  but  which  was  left  t/nintegrated  and  wwinterpreted,  by  the 
illustrious  author  of  that  great  work.  There  will  therefore  be  a 
vast  deal  to  interest  me  in  the  new  publication  which  you  have 
forwarded,  and  if  it  have  arrived  too  late  for  me  to  learn  much 
from  it  just  note,  I  hope  at  least  to  make  an  honourable  mention  of 
it,  in  any  preface,  however  short,  which  I  may  prefix  to  my  own 
work,  for  the  publishing  of  which  no  arrangements  have  yet  been 
made.  I  am,  dear  sirs,  requesting  you  to  present  my  regards  to 
the  authors,  your  obedient  servant.' 


Throughout  the  year  1863  Hamilton  was  engaged  in  the 
investigation  by  his  own  methods  of  osculating  twisted  cubics  and 
in  the  discussion  of  a  general  centre  of  applied  forces  (subjects  on 
which  he  made  communications  to  the  Royal  Irish  Academy, 
which  were  printed  in  its  Proceedings^  April  27,  1863,  and  June  22, 
1863),  and  he  made  frequent  inquiries  by  letters  to  Dr.  Salmon 
and  Dr  Hart  as  to  whether  his  results  had  been  anticipated.  A 
postcript  to  one  of  Dr  Salmon's  replies  was  calculated  to  give 
him  encouragement. 
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*'  October  1,  1863. — You  bo  seldom  fall  on  other  peoples'  track, 
that  when  I  met  Hart  a  oouple  of  days  ago,  and  he  told  me  you 
had  been  asking  him  whether  certain  theorems  you  had  arrived  at 
were  new,  I  said :  "  Oh,  tell  him  they  are  new.  Ton  will  be  quite 
safe." ' 

In  a  letter  of  October  3,  1863,  to  his  son  Archibald  (now,  it 
will  be  remembered,  a  clergyman),  who  had  been  making  some 
algebraical  calculations,  and  sought  for  information  respecting 
them,  he  supplies  him  with  the  computation  of  c^  ['  c  =  2*71828 . . . 
=  the  Napierian,  or  natural^  base  of  logarithms ']  by  the  exponen- 
tial series,  and  with  its  verification  by  squaring,  in  which  he  used 
a  kind  of  contracted  multiplication,  which,  he  says,  he  picked  up 
from  his  assistant,  Mr.  Thompson.  The  following  passage  has  a 
value  as  evidencing  the  pains  he  habitually  took  to  be  accurate, 
and  as  conveying  his  advice  on  the  point  to  his  son : — 

*I  always  verify  tlie  multiplications  by  divisions  mentally, 
and  add  both  upwards  and  downwards,  often  making  a  note  of 
the  figure  carried  to  the  next  left-hand  column.  In  general,  I 
take  all  precautions  for  accuracy,  and  advise  you  to  do  the  same. 
Whatever  you  do  calculate — and  you  know  you  need  not  do  so 
more  than  you  choose — let  it  be  carefully  done.' 

Then  after  speaking  of  Homer's  method,  in  terms  which  I 
have  already  quoted,*  he  adds  :— 

*  I  shall  gladly  get  you  somewhat  larger  tables  if  you  have  any 
real  occasion  for  them,  only  don't  spend  too  much  time  on  such 
things.  How  much  can  be  spared  you  can  judge  for  yourself.  I 
know  that  a  complete  change  of  mental  occupation  is  occasionally 
useful  and  almost  necessary.  My  book  will  get  on  none  the  worse 
for  my  having  been  lately  thus  working  at  arithmetic,^ 

His  occupation  with  arithmetic  was  now  unexpectedly  pro- 
longed by  his  neighbour,  Mr.  J.  G.  Rathbome,  submitting  to 
him  a  very  meritorious  system  of  contracted  multiplication  which 

•  SuprOf  p.  147. 
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had  been  devised  by  a  self-taught  man  in  his  employment^  named 
Beyers.  Hamilton  considered  it  to  be  ^new  and  ingenious.'  ^  It 
had/  in  comparison  with  a  method  ordinarily  used  by  himself, 
Hhe  advantage  (he  wrote,  October  19,  1863)  of  giving  a  sue- 
cession  of  approximations,  each  better  than  the  preceding,  but 
required  rather  more  of  mental  calculation  in  passing  from  step 
to  step,  yet  not  more  than  would  be  found  easy  by  a  practised 
calculator.' 

I  may  conclude  these  extracts  with  one  from  a  letter  written 
early  in  the  year  by  the  eldest  son  of  Sir  John  Herschel.  lie 
had  paid  a  visit  at  the  Observatory,  and  on  his  return  home,  in 
thanking  for  a  letter  of  his  father  forwarded  to  him,  quotes  from 
it  the  following  message  relative  to  Hamilton's  book  : — 

*  When  it  is  complete,  as  I  hope  it  soon  will  be,  I  shall  take  it 
up  ab  initio^  though  without  great  hope  of  mastering  it  in  the  few 
years  that  remain  to  me  after  72 !  But  I  anticipate  for  him  (Sir 
William)  a  real  triumph  in  its  publication.' 

I  now  present  to  the  reader  the  concluding  portion  of  Hamil- 
ton's oorrespondeuce  with  Aubrey  De  Vere,  a  correspondence 
which,  in  my  estimation,  constitutes  an  integral  and  most  yalu- 
able  element  in  his  life.  I  consider  it  a  privilege  to  have  been 
allowed  to  give  it,  even  imperfectly,  to  the  world,  and  am  confi- 
dent that  no  reader  of  this  biography  would  willingly  lose  the 
share  contributed  to  it  by  Hamilton's  friend.  This  friend  paid 
him  a  visit  at  the  Observatory  in  the  early  part  of  1863.  In  this 
winter  Hamilton  was  troubled  by  that  inherited  malady  of  gout, 
by  which,  as  we  have  seen,  he  was  visited  at  Cheltenham  in  1856, 
which  had  subsequently  recurred  at  intervals,  and  which  was  ere 
long  to  prove  fatal  to  him.  The  first  of  the  following  letters 
refers  to  this  disturbance  of  his  health,  and  leads  the  writer  to 
make  interesting  record  of  his  experience  in  relation  to  the  effect 
of  bodily  pain  or  illness  upon  the  action  of  his  intellect : — 
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From  Sir  W.  R.  Hamilton  to  Aubrey  De  Verb. 

*  OBSERyA.ToaT,  February  9,  1863. 

*  I  enjoyed  very  much  your  visit,  and  my  walk  with  you,  and 
you  may  perhaps  be  glad  to  know  that  though  (from  want  of 
reoent  practice)  I  felt  since  some  stifPness  in  my  legs,  the  feet  have 
been  quite  uninjured,  or,  more  plainly,  no  return  of  gout  has  been 
provoked. 

*  I  wish  you  would  try  a  fit.  For  one's  philosophy  and  temper 
it  is  an  admirable  exercise ;  and  to  some  constitutions  it  seems  to 
be  useful.  I  had  been  weari/ing  for  a  slight  touch  again,  when  I 
was  taken  at  my  word  last  Christmas. 

*  My  intellect,  such  as  it  is,  appears  to  me  to  be  made  even 
clearer  by  sickness  or  bodily  weakness,  when  such  comes.  The 
physical  eflfect,  however,  is,  that  although  I  can  scarcely  spare 
more  than  a  moment  to  attend  to  a  twinge  of  the  gout — painful  as 
that  certainly  is — I  cannot  icork,  when  an  invalid,  for  so  many 
hours  consecutively,  as  when  in  full  and  normal  health.  A  feeling 
ot  fatigue  comes  on. 

*  But  I  call  myself  quite  well  now,  thanks  partly  to  your  visit, 
and  remain,  my  dear  Aubrey,  your  old  and  aflfectiooate  friend.* 

The  note  to  which  the  following  is  a  reply  has  not  come  into 
ray  possession : — 

From  Aubrey  De  Yere  to  Sir  W.  E.  Hamilton. 

*  12,  Leinster-street,  March  6,  1863. 

*. . .  I  have  also  a  note  to  thank  you  for,  parts  of  which — relating 
to  our  conversation  when  we  had  our  walk — touched  me  very 
much.  I  can  well  understand  how  deeply  you  must  have  felt, 
being  thus  visited  once  more  as  by  a  hand  stretched  out  from  your 
boyish  days.  The  heart  never  grows  old — if  it  ever  was  young ; 
and  sometimes  clings  the  more  to  the  feelings  that  belong  to  its 
youth,  when  youth  as  counted  by  years  is  leaving  us.  I  have 
given  a  reason  for  this  in  one  of  my  poems  called  "  Psyche,"  page 

38.     Affectionately  yours.* 

The  last  letter  written  by  Hamilton  to  Aubrey  De  Vere  was 
worthy  of  him  as  a  friend  and  as  a  Christian ;  as  a  friend,  who, 
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notwithstanding  that  serious  differences  of  opinion  had  arisen 
between  them,  could  still  continue  to  love  and  trust  his  friend ;  as 
a  Christian  who,  raised  above  minor  details,  could  rejoice  to  hold 
fast,  in  sympathy  with  his  friend,  the  cardinal  truths  of  his  reli- 
gion. The  last  letter  of  Aubrey  De  Vere  to  Hamilton  is,  I  think, 
one  of  singular  beauty,  both  in  the  vision  it  calls  up  of  the  days 
that  had  gone  by,  and  in  the  perfection  with  which  thoughts  of 
tender  sadness  and  affectionate  reminiscence  are  expressed.  It 
binds  together  the'  early  meeting  of  the  two  friends  at  Curragh 
Chase — where  Lord  Adare  and  the  parents  and  sister  of  Mr.  De 
Vere  completed  the  party,  and  where  social  intercourse  was  en- 
joyed which  was  never  forgotten  by  either — with  the  days,  now 
more  than  forty  years  afterwards,  when  their  last  words,  words  of 
faithful  affection  and  Christian  harmony,  had  come  to  be  ex- 
uhanged. 

From  Sir  W.  E.  Hamilton  to  Aubrey  De  Vere. 

'  0b8£R7AT0RT,  Ap^'il  3,  1863. 
*  Good  Fi-iday. 

*  My  dear  Aubrey — Tou  may  not  think  this  day  a  good  one 
for  writing  a  letter  even  to  an  old  friend;  but  I  have  just  been 
reading  again  your  Hymn  for  Oood  Friday^  both  in  the  edition  of 
1842,  and  in  the  poems  published  in  1865.  Allow  me  to  say,  in 
passing,  that  if  there  be  a  word  or  twOy  in  the  latter  edition,  which 
you  could  not  expect  me  to  adopt,  I  yet  admit  that  on  the  whole 
you  have  made  it  ei,  finer  poem. 

*  It  may  be  more  important  to  remark  that  I  humbly  conceive 
myself  to  be  as  much  a  Catholic  as  you  were^  when  you  wrote  the 
liymn  in  its  first  fonn  ;  and  it  is  a  comfort,  in  these  Colenso  days, 
to  have  an  opportunity  of  refreshing,  by  a  reperusal  of  it,  a  sym- 
pathy so  sincere  in  the  most  intal  doctrines  of  that  Christianity, 
which  we  both  profess  to  believe  : — 

**  0  Lamb  of  God !  on  whom  alone 
Earth's  penal  weight  of  sin  was  thrown, 
Have  mercy,  Saviour,  on  Thine  own ! 
For  thou  art  Man.     The  Virgin  gave 
To  Thee  her  breast,  the  earth  a  grave." 
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'*  0  Lamb  of  God,  on  whom  was  laid 
The  debt  all  worlds  had  never  paid, 
Have  mercy,  Saviour ;  hear  and  aid. 
For  thou  art  God.  ..." 

"  Thus,  Christ,  we  turn  from  all  to  Thee  ; 
Miserere,  Domine.*' 

•  The  "  For  thou  art  Man,"  and  the  "  For  thou  art  God,"  and 
the  closing  "  MiBerere,  Domine,"  appear  to  be  the  moat  practical 
teachings  of  the  Christian  Heligion :  or  let  me  say,  with  greater 
reverence,  among  the  most,  if  it  be  presumptuous  and  hazardous  to 
distinguish.  ...  I  remain,  my  dear  Aubrey,  your  old  and  affec- 
tionate friend.' 

From  Aubrey  De  Vere  to  Sir  W.  R.  Hamilton. 

*  CuKRAGH  Chase,  Adarr,  Ma^  14,  1863. 

*My  dear  Hamilton — I  have  not  been  as  ungrateful  as  I 
may  perhaps  have  seemed,  in  not  having  before  now  answered 
your  letter  written  on  Good  Friday.  .  .  . 

*  Here  I  am,  once  more,  after  an  absence  of  about  two  years,  in 
my  old  home,  and  alone ;  for  my  eldest  brother  and  his  wife  are 
in  England.  It  is  to  me  haunted  ground.  After  a  time,  of  course, 
this  effect  wears  off ;  but  at  first  after  coming  here,  it  really  seemB 
to  me  a  sort  of  enchantment.  The  present  becomes  almost  nothing 
— ^a  mere  vapour — and  the  past  becomes  so  distinct  that  I  reoognisi^ 
the  steps  of  the  departed  as  well  as  their  voices.  The  most  trivial 
incidents  rise  up  before  me  wherever  I  go ;  and  in  every  room  of 
the  house,  and  every  walk  of  the  garden  or  woods,  I  see  again  the 
old  gestures,  expressions  of  face,  even  accidents  of  dress,  which  no 
one  could  fancy  could  have  lived  in  memory.  I  allude  of  course 
to  my  father  and  mother  principally,  but  not  to  them  only.  Very 
old  friends,  most  of  them  long  since  dead,  walk  with  them ;  and 
the  old  jests  are  repeated,  but  with  a  strange  mixture  of  pathos 
and  mirth ;  and  my  brothers  and  sisters  (there  were  two  younger 
sisters  who  died  each  at  the  age  of  fourteen)  seem  to  me  once  more 
as  in  the  old  days  of  childhood  or  opening  youth. 

'  I  suppose  that  many  people  must  have  had  this  experience. 
To  me  it  seems  nearly  the  most  solemn  and  pathetic  one  that  life 
brings.     With  all  its  melancholy  the  preponderating  feeling  it  iu- 
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clades  is  one  of  sweetness.  As  life  goes  on,  and  goes  by,  a  certain 
tendemesSy  almost  remorseful  tenderness,  seems  to  attaeli  to  all 
human  relations — and  even  to  inanimate  objects.  We  seem  to  be 
such  mere  shadows — such  a  helplessness  seems  to  belong  to  us,  and 
our  parents,  and  all  the  fleeting  generations  that  glided  on  and  off 
the  stage  of  life,  in  days  earlier  than  those  we  remember,  that  it 
appears  an  inconceivable  cruelty  that  anyone  should  '^  agitate  the 
light  flame  of  our  hours  *'  by  unkindness  to  a  neighbour,  or  even 
by  want  of  sympathy.  It  seems  as  if  everyone  must  have  been 
intended  to  be  in  some  sense  a  "  helpmate  "  to  everyone  else,  and 
that  to  hurt  instead  of  helping  any  of  those  who  belong  to  so  feeble 
a  race — a  race  whose  joys  are  so  fleeting,  and  whose  trials  are  so 
many,  irrespective  of  those  which  come  from  a  fellow-being,  im- 
plies that  a  long  madness  is  preying  upon  human  society. 

I  am  writing  in  the  old  library,  and  the  writing-desk  on  which 
my  father  wrote  all  his  poems  and  letters  is  the  one  my  paper 
rests  on.  Among  the  Phantoms  which  have  been  visiting  me  is  a 
Phantom  visit  from  Adare.  One  of  the  party  is  a  young  Philoso- 
pher of  whom  we  had  already  heard  as  a  Scientific  Wonder  :  and 
now  from  his  discourse  we  find  that  he  is  as  much  devoted  to  Poetry 
and  Metaphysics  as  to  Mathematics.  Then  there  comes  the 
ramble  in  the  woods,  the  departure,  and  my  father's  enthusiastic 
comments  on  the  young  Philosopher,  and  especially  the  praise 
bestowed  on  the  **  transparent  candour  "  which  made  all  his 
thoughts  seem  visible  things. 

*  Even  those  whom  I  never  saw,  but  who  belong  to  this  magical 
Past,  share  in  the  strange  spectral  Besurrection.  There  is  poor 
Francis  Edgeworth.  We  used  to  talk  of  him  and  his  poetry  ;  and 
as  I  walked  about  our  lawn  yesterday  there  came  before  me  as 
freshly  as  ever  his  poem  with  the  lines 

<<  It  cannot  soothe  me  in  my  loneness ; 
It  cannot  mitigate  my  oneness. '' 

^  Such  a  strange  beauty  belongs  to  the  Past  that  it  seems  to  me 
as  if  half  the  value  of  the  Present  is  derived  from  the  knowledge 
that  it  will  one  day  be  the  Past.  It  often  happens  that  the 
moment  a  friend  has  left  the  room  (especially  at  night  when  they 
separate  till  morning)  he  becomes  invested  with  a  new  character ; 
and  a  softness  falls  on  the  image  (that  lately  wore  all  the  rough- 
ness of  a  jarring  Present)  from  the  distant  Shadowland.     Of  all 
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the  feelings  of  this  sort,  the  strangest  is  that  which  comes  to  lis 
from  the  recollection  of  our  parents  at  an  age  when  they  were,  as 
we  then  thought,  getting  oldish,  but  which,  looking  back  on  it,  we 
see  to  have  been  Youth — the  Youth  we  have  ourselves  lost  in  turn. 
To  look  on  them  thus  with  filial  reverence,  and  yet  with  that  pro- 
tective sadness  with  which  we  regard  the  yoimg  and  inexperienced 
who  are  unconsciously  losing  what  they  must  so  often  lament,  is  a 
mixture  of  feelings  which  admits  of  no  name.  It  makes  one 
realize  the  facts  that  even  the  Parents  of  our  Parents,  who  seemed 
to  us  like  Patriarchs,  had  their  brief  day  too,  and  were  but  poor 
gentle  wrecks  stranded  in  the  sunshine,  when  we  knew  them. 
The  feeling  thus  inspired  seems  to  me  to  help  us  to  conceive  that 
relenting  tenderness  with  which  the  great  Father  must  look  on  all 
His  creatures,  remembering  that  "  they  are  but  clay, "  and  that 
with  all  their  high  hopes  they  have  been  so  mysteriously  "  made 
subject  to  vanity."  llowever,  the  next  World  is  the  world  of 
realities;  and  here  the  shadows  rehearse  at  least  the  great  Future 
drama.  For  almost  all  of  us  there  must  surely  be  some  interme* 
diate  place  where  we  are  made  capable  of  looking  unblinded  on 
the  wonders  of  the  Future.  To  me  there  always  seemed  some- 
thing so  unphilosophical  as  to  be  almost  incredible,  in  the  assump- 
tion that  death  (which  is  not  even  a  sacrament)  should  so  act  as  a 
charm  or  talisman,  as  at  once  to  render  the  mass  of  even  the  good, 
who  have  hitherto  been  occupied  mainly  with  the  Shadowland, 
capable  of  sustaining  the  uncreated  glories  of  the  Beatific  Vision. 
It  is  not  a  question  of  Ouilt  or  of  Merits  but  of  the  time  necessary 
for  the  development  of  moral  habits  and  spiritual  capacities,  as 
opposed  to  the  notion  of  magical  transformations. 

*  I  quite  forgot  thai  I  had  altered  the  hymn  on  Good  Friday, 
till  your  letter  made  me  refer  to  it.  It  is,  I  think,  on  the  whole 
improved.' 

In  December  of  the  year  1880,  Aubrey  De  Vere  published  in 
the  Irish  Monthly  Magazine  two  sonnets  ^  In  memory  of  Sir  William 
Kowan  Hamilton,'  which,  as  he  says  in  a  letter  to  me,  '  show  at 
least  that  Hamilton  was  one  of  those,  one's  friendship  for  whom 
will  stand  the  wear  and  tear  of  some  fifty  years.' 

Of  these  sonnets  I  reserve  one  for  a  later  page;  the  subject  of 
that  which  follows  suggests  its  insertion  here. 
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*  IN  MEMORY  OF  SIR  WILLIAM  ROWAN  HAMILTON. 

'  AFTEB  BEADINO  AGAIN  HIS  L£TTBB8. 

*  At  times  I  see  that  ample  forehead  lit, 
Bright  as  the  day-spring  round  the  mounted  lark ; 
At  times  I  see  thee  stand  in  musing  fit ; 
At  times  in  woodlands  of  that  twilight  park, 
Deciphering  well-loved  names  on  beechen  bark  :* 
Where  Rotha's  moonlight  ripples  past  thee  tlit, 
I  see  thee  kiss  a  grave — then  by  it  sit — t 
Her  grave  that  left  the  land's  chief  Poet  dark. 
This  day  I  read  thy  letters.    Word  and  scene 
Recur  with  strangely  mingled  joy  and  ruth ; 
Thy  soul  translucent,  yet  thine  insight  keen, 
Thy  heart's  deep  yearnings  and  perpetual  youth 
Thy  courtesy,  thy  reverence,  and  thy  truth — 
All  that  thou  wert,  and  all  thou  might'st  have  been! 

*  February  20,  1880.  '  A.  Db  V.' 


Memoranda  respecting  the  Meeting  of  Ji  night,  Julj  6,  1863, 
of  the  Royal  Irish  Academy.    [Manuscript  Book  L.  1863,  p.  13.] 

*0n  $  the  6th  I  went  in  tlie  evening  to  attend  the  Special 
General  Meeting  of  the  Eoyal  Irish  Academy.  That  meeting 
had  been  convened  by  the  President  and  Council,  to  take  into 
consideration  some  proposed  Besolutions  on  the  subject  of  a 
Report  recently  published,  of  certain  Royal  Commissioners,  who 
had,  as  the  Council  conceived,  and  as  the  Academy  voted,  sug- 
gested our  being  placed  to  some  extent  under  the  control  of  the 
Council  of  the  Royal  Dublin  Society. 

*The  whole  affair  had  been  managed  with  a  most  suspicious 
secrecy  on  the  part  of  the  Commissioners;  and  an  impression  exists 
that  there  has  been  a  job  at  bottom.  A  good  deal  of  indignation 
was  expressed  by  several  speakers,  of  whom  I  was  one,  coming 
next  after  the  Treasurer,  Dr.  Carson,  who  followed  the  President, 
Dean  Graves. 

*•  The  President  stated,  that  as  soon  as  he  received  (about  ten 
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days  or  a  fortnight  ago)  information  of  what  had  been  reoommended 
by  the  CommissionerB,  he  did  not  lose  an  hour  in  writing  to  the 
Lord  Lieutenant,  to  protest  on  the  part  of  the  Bojal  Irish 
Aoademj,  of  which  he  was  the  head,  against  any  such  recommenda- 
tion being  adopted.  And  in  my  speech  I  expressed  a  hope  that 
the  Academy  would  vote  their  unanimous  thanks,  before  the 
Meeting  separated,  to  Dean  Graves  for  his  prompt,  spirited,  and 
useful  action  in  the  matter.  Accordingly,  when  the  Besolutions 
sent  down  by  the  Council  had  all  been  voted,  with  only  some 
verbal  changes  in  the  two  last  of  them,  it  was  proposed  and 
carried  by  acclamation,  that  the  special  thanks  of  the  Academy 
f^hould  be  given  to  the  President ;  further  action  being  remitted  to 
the  Council. 

'I  was  led  to  state  that  I  entertained  only  respectful  and 
affectionate  feelings  towards  the  Boyal  Dublin  Society  ;  and  that 
I  was  not  insensible  to  the  honour  reflected  on  Dublin,  and  even 
on  Ireland,  by  a  Society  so  ancient  and  so  useful. 

^I  valued  much  the  compliment  which  had  been  paid  me, 
many  years  ago,  by  my  election  as  honorary  member  of  that 
body ;  and  had  at  least  on  one  important  occasion  availed  myself 
of  my  privilege  to  «peaA%  although  I  could  not  vote,  in  the  Societ}-. 

*  And  to  show  more  completely  how  far  I  was  from  feeling  any 
disrespect  or  unkindness  in  that  quarter,  I  ventured  to  relate  a 
oircumstance  which  had  occurred  many  years  ago,  and  which  I  was 
not  in  the  habit  of  talking  of,  although  at  liberty  to  do  so,  because 
I  had  taken  no  oath  of  secrecy  on  behalf  of  myself  and  fellows  at 
the  time. 

*  It  had  happened,  then,  about  twenty-two  years  ago,  that  I 
was  a  member  of  a  Commission  which  met  at  Mac  CuUagh's  rooms 
in  College,  and  to  which  the  consideration  of  the  affairs  and  consti- 
tution of  the  Royal  Dublin  Society  was  submitted.  And  it  then 
appeared  to  me  that  I  was  at  first  the  only  member  of  that  Com- 
mission who  did  not  aim  at  the  abolition  of  the  Society,  or  at  least 
at  a  reconstruction  so  complete  as  practically  to  amount  to  abolition. 

*  But  I  had  been  firm  in  my  opposition  to  any  such  measure 
or  recommendation,  and  had  given  it  to  be  distinctly  understood 
that  I  would  withdraw  from  the  Commission  if  such  were  to  be 
made  the  basis  of  its  Eeport.  I  prevailed  ;  and  it  had  ever  since 
been  my  feeling,  although  seldom  if  ever  expressed,  that  /  had 
saved  the  Royal  Dublin  Society. 


AETAT.  57.]       R.  L  Academy  and  R.  D.  Society.  1 6 1 


*  That  Society  was  older  than  our  own,  which  had  not  existed 
qnite  eighty  years ;  it  was  also  richer ;  and  on  each  of  these  two 
grounds,  but  especially  on  the  first  of  them,  a  certain  precedence  of 
ceremony  might  cheerfully  be  conceded  to  it  by  the  Koyal  Irish 
Academy.  It  was  not  merely  that  the  President  of  the  Eoyal 
Dublin  Society  happened  also  to  be  the  representative  of  the 
Sovereign :  were  he  only  a  private  member,  elected  to  that  Chair, 
"  Ton,  sir,"  I  said — addressing  myself  to  Dean  Ghtives — "  would 
not  be  humiliated  by  allowing  him  precedence  on  any  occasion  of 
^iaie  or  ceremonial^  on  the  ground  of  that  relative  antiquity  of 
the  Institution  which  he  was  thus  supposed  to  represent.  We 
want  no  Ulster  Bang,  no  Gbrter  King-of- Arms,  to  settle  that  point 
of  precedence.  But  if  it  be  proposed  to  concede  any  other  sort  of 
precedence,  or  to  allow  any  kind  or  degree  of  control  to  be  exercised 
by  the  Council  of  the  Boyal  Dublin  Society  over  the  Royal  Irish 
Academy  or  it%  Council,  then,  sir,  I  must  reject  such  a  claim  with 
an  indignation  which  I  am  sure  that  I  do  but  share  with  every 
member  present." 

'  I  do  not  now  (d  July  7,  *63)  assert  that  those  were  my  exact 
words  last  night,  but  I  remember  that  I  spoke  in  that  toncy  and 
made  remarks  to  that  effect.  My  speech  was  not  a  veiy  short  one  ; 
it  was  animated,  and  (I  think)  well  received ;  but  it  was  entirely 
extemporaneous.  At  one  stage,  having  previously  mentioned 
Mac  Cullagh  in  another  connexion,  I  again  introduced  his  name, 
and  said  that  I  could  conceive  how  indignant  he  would  have  been, 
if  he  had  lived  to  see  a  proposal  thus  made  to  subject  to  the 
control  of  any  other  Society  the  Academy  to  which  he  had  de- 
voted so  large  a  share  of  his  gigantic  intellect  in  science,  and 
on  which  he  had  concentred  so  much  of  his  deep  love  of  countiy. 

*  It  was,  I  think,  then  that  I  made  a  transition  to  myself;  to  my 
own  history  and  feelings.  I  said  that  I  could  remember  the  time 
when,  being  but  a  boy,  and  not  yet  aspiring  to  the  honour  of  being 
a  Member  of  the  Boyal  Irish  Academy,  I  at  least  looked  forward 
to  that  of  being  permitted  to  write  in  its  pages ;  and  felt,  what  has 
been  my  feeling  ever  since,  that  any  contribution  so  received 
would  be  an  offering  laid  upon  the  altar  of  my  country.  I  could 
remember  the  pride  with  which  I  found  myself  elected  a  member 
of  the  Academy  in  1827,  and  of  the  Council  in  1828  ;  to  which  was 
added  the  stiLl  higher  honour,  in  1837,  of  being  called  upon  to  preside 
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over  the  body  for  a  considerable  course  of  years,  with  the  unusual 
compliment  at  the  close  of  such  Presidentship  of  receiving  a  vote 
of  thanks  for  consenting  to  remain,  for  some  years  longer,  a  mem- 
ber of  the  Council.  And  if  I  had  not  been  included  in  the  last 
list  of  atich  members,  I  felt  that  no  slight  was  designed  thereby, 
but  that  it  was  known  that  I  was  engaged  upon  a  scientific 
work,  which  would  prevent  my  frequent  attendance,  and  of  the 
subject  of  which,  although  I  might  occasionally  give  some  account 
to  the  Boyal  Irish  Academy,  I  should  certainly  never  think  of 
laying  any  such  account  before  the  Royal  Dublin  Society ;  but 
if  I  could  suppose  that  the  Academy  would  mbmit  to  any  such 
cmfrol  as  was  proposed,  I  must  ask  to  be  forgiven  when  I  said  that 
I  should  then  scarcely  feel  membership  to  be  an  honour. 

^  I  observed  that  we  had  no  reason  to  apprehend  on  the  part  of 
the  Government  any  attempt  at  coercion.  The  Academy  and  the 
Government  for  the  time  being  had  always  been  in  friendly  rela- 
tions. I  had  myself  the  honour,  on  four  diflFerent  occasions,  to 
receive,  as  President,  the  Viceroy  of  the  time ;  and  "  you,  sir,"  I 
said  to  Graves,  "have  had  some  similar  opportunities.  We  have 
no  reason  to  apprehend  hostility  from  any  such  quarter.  £ut^ 
if  the  worst  comes  to  the  worst,  we  must  not  sell  our  Charter." 

*  I  then  sat  down,  but  remember  that  I  had  begun  by  stating 
that  I  had  inquired  whether  there  were  any  programme^  or  plan 
previously  arranged,  according  to  which  the  order  of  the  speeches 
was  to  be  regulated  ;  for  that,  if  so,  I  would  have  contented  my- 
self with  a  few  words,  before  the  close  of  the  meeting.  Considering 
the  whole  occasion  as  an  exciting  one,  I  had  been  anxious  to  say  as 
few  words  as  possible,  and  had  in  fact  kept  myself  in  a  cold  bath  of 
mathematics  all  the  morning,  that  I  might  come  to  the  subject  as 
calmly  as  I  could.  It  was  only  a  very  few  days  ago  that  I  had 
heard  anything  at  all  respecting  it ;  and  I  might  mention  that  last 
Saturday,  when  I  happened  to  have  some  conversation  respecting 
the  proposed  resolutions  with  a  distinguished  intellectual  man  [it 
was  Dr.  Lloyd,  after  the  Visitation],  who  happened  to  limch  with 
me,  he  said  to  me  that  they  were  very  good,  "  but,  don't  you  think, 
Hamilton,  that  they  are^a  little  i£?ar//> P "  "Warm?"  I  replied, 
^^  of  course  they  are  warm;  would  you  have  had  the  Council  send 
us  down  a  cold  set  of  resolutions  on  such  a  question  P  "  ' 
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CHAPTER  XUX. 

sxcursion    in   wicklow,      dr.    ingleby    and    metaphysics. 
Hamilton's  poetry,     'declaration  of  men  of  science/ 

(1864.) 

This  year  was  with  Hamilton  one  of  enonnoos  diligence  in 
mathematieal  investigation  and  oorrespondenoe,  his  manuscript 
books  and  letters  several  times  recording  work  extending  in  the 
day  to  beyond  twelve  consecutive  hours.*  The  only  intermission 
of  any  length  which  he  allowed  himself  was  occupied  by  a  few 
days'  excursion  in  July,  taken  in  company  with  his  daughter, 
through  part  of  his  favourite  recreation  ground,  the  county  of 
Wicklow.  His  daughter  notes  that  in  this  excursion,  while 
evident  tokens  appeared  of  the  decline  of  his  muscular  strength, 
his  bright  companionableness  (shown,  for  example,  by  discussions 
with  an  intelligent  Protestant  carman  on  the  parable  of  the  Unjust 
Steward)  and  his  youthful  spirit  of  enjoyment  were  quite  unim- 
paired. His  own  record  of  this  excursion  in  a  letter  to  De  Morgau, 
dated  New  Hotel,  Glendalough,  July  25,  1864,  makes  mention  of 
an  interesting  fact  of  which  I  do  not  remember  elsewhere  to  have 
met  any  trace,  namely,  his  accompanying  Wordsworth  to  Qlenda- 
lough. 

'  .  .  .  I  had  visited  these  lakes  of  G-lendalough  in  company 
with  the  poet  Wordsworth  so  long  ago  as  1829,  on  which 
occasion  I  was  young  enough  to  climb  from  the  lake-shore  into 
St.  Kevin's  Bed — an  ascent  not  quite  without  danger,  at  least 


*  One  letter  to  his  son  Archibald  says  (June  6) :  '  This  morning  I  was  up  at 
four  A.M.  ...  1  have  been  busy  ever  since.'  Another  (September  12) :  *  I  have 
been  up  since  long  before  daylight  this  morning,  but  am  not  yet  fatigued.* 
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to  people  who  have  not  learned  to  swim.  But  at  the  time  I  waa 
familiar  with  both  swimming  and  climbing.  I  have  been  in  this 
neighbourhood  many  times  since,  but  do  not  remember  that  I  ever 
enjoyed  more  thoroughly  a  visit  to  it,  or  to  various  other  parts  of 
the  Co.  Wicklow,  than  on  this  last  occasion,  when  I  have  been 
touring  with  my  daughter  only  :  Lady  Hamilton,  though  wonder* 
fully  recovered  from  a  recent  illness,  not  feeling  herself  quite 
strong  enough  for  the  exertion  and  fatigue — which  leist  was  not 
altogether  to  be  despised  by  ourselves,  especially  as  we  chose  ta 
travel  back  to  back  on  an  outside  car.  .  .  .' 

I  select  from  his  scientific  correspondence  a  few  passages  which 
I  think  will  be  judged  to  be  of  interest  either  as  throvdng  light 
upon  his  work  and  character,  or  as  bearing  his  testimony  to  the 
qualities  of  his  correspondents. 

From  A.  S.  Hart,  ll.d.,  s.f.t.cd.,  to  Sir  W.  B.  Hamilton. 

'  Trinitt  College,  January  25,  1864. 

*  On  Dr.  Lloyd's  return  from  Italy  he  told  me  of  a  conversation 
he  had  had  with  Plana  about  the  quantity  of  heat  received  directly 
from  the  sun  during  the  year  at  different  points  on  the  earth's 
surface.  Not  knowing  where  to  find  Plana's  investigations,  I 
attempted  the  calculation  myself,  but  have  got  no  results  beyond 
those  on  the  enclosed  Paper,  and  they  are  so  unlike  what  I  had 
expected  that  my  faith  in  them  is  weak,  although  I  cannot  detect 
any  error.  Did  you  ever  happen  to  turn  your  attention  to  the 
matter,  or  have  you  any  Paper  of  Plana's  on  the  subject  P ' 

From  Sir  W.  R.  Hamilton  to  A.  S.  Hart,  ll.d.,  s.f.t.cd. 

*  Obsrrvatobt,  January  26,  1864. 

*Tou  have  so  remarkable  a  talent  for  simplifying  things  which 
appear  difficult  in  Mathematics,  that  I  by  no  means  despair  of 
following  your  analysis  throughout  in  your  last  note  to  me, 
although  I  am  rather  rusty  in  elliptic  integrals,  with  which,  how- 
ever, I  long  ago  connected  (without  publishing  the  connexion)  the 
quaternions,  as  I  had  the  pleasure  of  proving  to  my  afiPectionate 
host  of  the  time,  Dean  Peacock,  at  Ely,  in  1846,  when  he  asked 
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me  whether  I  had  yet  thought  of  establishing  such  a  connexion ; 
and  I  produced  on  the  spot,  from  mj  modest  luggage,  a  manuscript 
book  containing  a  sketch  of  such  an  application/ 

Subsequently,  ^  I  have  just  an  impression  that  Plana  claims  for 
Poisson  the  merit  of  having  converted  a  discontinuous /unction  into 
one  of  cantinuous  form^  and  asserts  that  Fourier  (which,  if  true,  is 
wonderful)  hsui/aikd,  or  at  least  omitted,  to  do  this.' 

His  next  letter  to  Dr.  Hart  puts  forward  a  notion  illustrative 
of  his  characteristic  power  of  generalisation,  and  his  inability  to  be 
satisfied  with  superficial  distinctions,  however  generally  received. 
Its  importance  induces  me  to  print  it  entire. 

From  the  Same  to  the  Same. 

<  Obseuvatobt,  April  13,  1864. 

*  I  write  just  a  line  to  warn  you  that  I  have  indulged  myself 
by  taking  a  large  ruled  sheet  to  write  to  you  upon,  which  may 
have  a  successor,  but  which  you  will  be  most  welcome  to  throw 
aside,  whenever  you  may  receive  it,  although  any  remarks  of  yours 
on  the  subject  will  be  valued.  Quaternions  do  not  of  necessit// 
<^nter  into  the  exposition  of  any  part  of  the  views  on  which  I 
should  thus  like  to  consult  you ;  but  it  is  natural  that  they  shoultl 
have  modified  the  formation  of  those  views,  so  far  as  they  are 
mathematical. 

*  The  main  point  is,  that  the  tchok  of  what  we  call  statics  is 
really  a  part  of  Dynamics^  except  in  books ;  there  being  no  such 
thing  as  Rest  in  the  world,  unless  (by  a  bare  possibility)  in  the 
<;entre  of  gravity  of  the  imiverse. 

*  All  this  has  a  bearing  on  Foucault's  Pendulum  experiment,  of 
which  I  think  that  I  have  lately  given  a  very  simple  and  satisfactory 
(but  as  yet  unprinted)  explanation  by  the  Quaternion  Analysis. 
But  I  carry  it  severely  on  to  what  seems  an  incomparably  simpler 
question,  namely,  to  what  I  presume  to  call  for  the  moment  The 
Plumb  Line  Experiment ;  tried  every  day  by  Mr.  Thompson  here, 
or  by  myself,  when  we  close  the  shutters  to  let  the  plumb  line  hang 
undisturbed  by  currents  of  air,  and  see  that  the  wire  bisects  a  dot, 
■and  continues  to  do  so. 

*  When  that  interesting  event  comes  to  pass,  he  says,  and  so  do 
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I,  for  ordinary  purposes,  that  the  plumb  line  is  at  rest.  But  we  do 
not  need  to  be  told — nor  does  he — that  in  point  of  fact,  annual 
motion  being  abstracted  from,  the  weight  is  in  motion^  describing  (in 
this  latitude)  something  like  %00feet  eastward  per  second.  Instead, 
then,  of  saying  "  What  keeps  the  plumb  line  at  rest  ?  "  we  ought^ 
for  greater  accuracy,  to  inquire  '^  What  makes  the  weight  describe 
its  diurnal  orbit  (the  parallel  of  latitude)  P  Of  course,  t/ou  see^  the 
moment  the  question  is  stated,  that  the  vis  acceleratrix  in  this 
circular  motion  is  the  resultant  of  the  earth's  attraction^  and  of  the 
tension  of  the  string,  at  least  if  the  mass  of  the  suspended  body  be 
unity ;  but  is  this  at  all  a  usual  view  P 

'  If  you  give  me  any  encouragement  I  shall  perhaps  pursue 
the  subject  in  letters  to  you,  for  a  short  time,  in  the  least  borish  waj 
of  writing,  which  may  be  the  most  openly  and  ostentatiously  borish^ 
by  writing  on  large  ruled  sheets.  But  it  is  just  as  likely  that,  after 
indulging  myself  by  expressing  my  views,  I  may  quietly  put  the 
sheets  in  the  fire.' 

In  the  month  of  May,  Dr.  Hart,  who  had  been  furnished  by 
Hamilton  with  proofs  of  the  Elements^  now  reaching  to  page  696, 
adds  to  an  acknowledgment  the  following : — '  If  I  might  venture  a 
suggestion,  would  it  not  be  advisable  to  close  this  volume  with  the 
geometrical  applications  and  leave  physics  for  a  second  volume  P  ^ 
In  November  his  desire,  on  behalf  of  himself  ^and  the  present 
generation '  to  see  the  great  work  given,  even  in  part,  to  the 
public  having  become  in  the  meantime,  very  naturally,  rather 
impatient.  Dr.  Hart  repeats  his  suggestion,  urging  in  support 
some  very  good  reasons.  Hamilton's  reply  seems  to  have  beeD^ 
only  the  sending  to  his  friend  some  more  proofs,  which  brought 
him  the  gratifying  reply  which  I  here  give : — 

From  A.  S.  Hart,  ll.d.,  s.f.t.c.d.,  to  Sir  W.  E.  Hamilton. 

<  November  23,  1864. 

'  I  hasten  to  retract  any  objection  I  made  to  including  Physi* 
cal  Applications  in  the  Elements — at  least  so  far  as  Statics.  I  had 
no  idea  that  you  could  condense  so  much  into  three  pages,  and  I 
should  be  very  sorry  indeed  that  such  a  full  and  concise  theory  of 
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the  Statics  of  a  Bigid  Body  should  have  been  suppressed,  especially 
as  the  two  ideas  of  the  centre  of  a  general  system  of  forces,  and 
the  tension  of  a  system  of  equilibrating  forces  are  new  to  me  and 
perhaps  to  others  also. 

*  If  your  dynamical  applications  are  equally  concise  and  preg- 
nant, they  will  certainly  form  an  admirable  conclusion  to  the 
Work/ 

Hamilton  was  now  again  becoming  anxious  about  the  cost  of 
printing  and  publishing  his  book.  He  shrunk  from  applying  to 
the  Board  of  Trinity  College  for  more  pecuniary  assistance,  and, 
in  prospect  of  negotiating  with  publishers,  thought  that  attestation 
from  some  high  quarter  to  the  value  of  his  researches  might  aid 
him  in  gaining  favourable  terms.  With  this  view  he  wrote  as 
follows  to  his  old  friend  Dr.  Bomney  Bobinson : — 

From  Sir  W.  R.  Hamilton  to  the  Rbv.  T.  R.  Robinson,  d.d. 

•  Obsbbvatort,  December  6,  1864. 

*  I  am,  as  I  hope,  approximating  to  the  Moment  of  Projection 
— or,  in  plain  English,  drawing  to  the  time  of  publication  of  my 
long  and  laborious  work,  entitled  the  Elements  of  Quaternions. 

*  It  is  only,  however,  within  the  last  two  or  three  days  that  I 
have  opened  negotiations  on  the  subject  with  my  old  friend  George 
Smith  (Hodges,  Smith,  &  Co.),  and  I  have  not  seen  him  since  I 
wrote  last  week,  partly  because  I  am  hampered  by  a  very  heavy 
cold.  But  it  is  arranged  that  I  call  upon  him,  if  possible,  on 
Wednesday  next  (the  day  after  to-morrow). 

*  The  total  expense  of  the  work — which  is  not  yet  quite  ready  for 
publication,  though  very  nearly  so — ^will  have  amounted  to  about 
£400,  whereof  the  College  will  have  kindly  borne  £200,  that  is 
about  one  half.  The  remainder,  even  if  there  should  be  no  re- 
muneration, however  small,  to  the  author^  may  well  deter  a  cautious 
publisher. 

*  Quite  lately  Dr.  Hart — who,  as  Senior  Fellow,  Bursar,  and 
Friend,  has  watched  the  entire  progress  of  this  last  work  of  mine 
— ^has  been  pleased  to  write  to  me  the  kind  note  of  which  I  enclose 
a  copy  made  by  my  son  William  Edwin.  .  .  .  Dr.  Hart  and  Pro- 
fessor Tait  have  been  in  fact  the  only  persons  to  whom  I  have  sent 
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copies  of  the  printed  sheets  regularly.  But  I  indulged  myself 
lately  by  sending  to  you  five  half-sheets  of  my  Contents^  and  also 
the  last  printed  half-sheet  of  the  Elements  themselves.  And  it 
seems  not  impossible  that  even  those  may  have  served  as  some 
materials  for  forming  an  opinion  on  your  part. 

*  If  you  can  honestly  say — and  I  know  that  you  -will  not  say 
it  otherwise — that  your  general  impression  is  favourable  to  the 
work,  and  especially  that  you  think  it  treats  old  and  celebrated 
subjects  of  science  from  a  new  point  of  vietCy  I  shall  be  glad:  but 
you  see  that  to  render  your  reply  useful^  it  should  be  prompt. 

*  For  my  own  part,  on  reading  over  lately  those  Essays  of  mine 
in  the  Philosophical  Transactions^  which  won  for  me,  thirty  years 
ago,  the  applauses  of  the  whole  scientific  world — so  much  so  that  I 
have  been  quite  tired,  though  of  course  flattered,  by  meeting  so 
many  references  since  to  "  les  Equations  Hamilton,"  &c. — my  feel- 
ing was  that  I  was  not  ashamed  of  those  old  Memoirs;  but  that 
they  belong  to  a  past  age  of  Analysis,  so  completely  do  Quater- 
nions appear  to  me  to  furnish  an  avaKoivwaiQ  of  mathematical,  and, 
through  it,  of  physical  science.' 

*  December  6. — I  find  that  I  omitted  to  enclose,  in  my  packet 
of  yester-evening,  the  copy  of  Dr.  Hart's  note,  which  I  now  send. 
Of  course  Dr.  Hart  could  have  no  motive  to  fiatter  me,  and  the 
warmth  of  his  expressions  is  to  be  traced  to  a  sort  of  penitence  for 
his  having  very  strongly,  though  with  all  kindness,  urged  me 
previously  to  let  the  Ele^nents  appear,  as  a  purely  mathematical  work j 
all  physics  being  reserved  for  some  future  occasion.  But  I  am  too 
old  to  trust  to  the  future. 

*  We  all  enjoyed  much  a  recent  visit  from  Francis  Edgeworth 
— who  permits  me  in  conversation  to  call  him  "  Frank  " — for  to 
me  there  can  be  no  second  "Francis." 

*  With  kind  regards  to  Mrs.  Eobinson  and  to  Mrs.  Stokes, 
when  you  can  forward  them,  I  am,'  &o. 

Dr.  Robinson's  reply  was  promptly  despatched:— 

Dvm  Rev.  T.  Romney  Robinson,  d.d.,  to  Sir  W.  R.  Hamilton. 

*  Obsekvatobt,  Asmagh,  December  7,  1864. 

*  I  am  very  glad  to  find  that  by  the  Approaching  publication  of 
the  Elements  we  shall  be  put  in  possession  of  your  latest  develop- 
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ment  of  this  magnifioent  branch  of  Analysis.  As  far  as  I  can 
judge  from  the  proofs  of  the  Contents^  which  you  kindly  sent,  it 
will  be  of  great  use  in  making  more  generally  acoessible  the  won- 
ders and  the  wealth  of  the  field  which  you  have  so  happily  opened. 
The  Statical  and  Dynamical  applications  of  it  in  §  416  and  §  417 
are  almost  startling  from  their  brevity,  yet  power  and  extent. 

*'  I  hope  nothing  may  occur  to  delay  the  appearance  of  the  book^ 
and  in  this  I  am  sure  all  my  mathematical  friends  will  heartily 
concur. 

*  I  fear  the  Boyal  Society  is  not  allowed  by  its  laws  to  give 
pecuniary  assistance  to  publications  with  which  it  is  not  officially 
connected ;  otherwise  I  think  an  application  to  it  would  be  suc- 
cessful. 

^  I  congratulate  you  on  this  conclusion  of  your  great  work : 
not  as  a  final  resting-place,  however,  for  the  field  is  infinite. 

*  Ever  yours/ 

From  Sir  W.  B.  Hamilton  to  Bev.  T.  Bommet  Bobinson,  d.d. 

[prom  a  draft.] 

'  Obsbryatobt,  December  19,  1864. 

'  I  regret  that  I  have  not  yet  thanked  you  for  your  kind  letter 
of  ten  days  ago.  It  was  alike  honourable  to  you  and  to  myself. 
I  have  not  yet  attempted  to  make  any  use  of  it ;  but  have  allowed 
two  recent  guests  of  mine  to  read  it.  .  .  . 

'  My  last  visitor  has  been  the  Bev.  Bobert  Perceval  Graves, 
brother  of  Dean  Graves,  and  a  very  old  and  dear  friend  of  mine, 
who  slept  here  last  night  and  left  me  to-day.  The  room  which  he 
occupied,  and  which  other  guests  have  occupied  lately,  shall  be 
very  much  at  the  service  of  Mrs.  Bobinson  and  you,  if  you  shoidd 
pay  me  the  compliment  of  spending  a  few  days  and  nights  here, 
when  the  weather  becomes  finer.     I  am,  &c. 

*  P.  S. — When  I  know  more,  I  shall  mention  more,  of  the 
prospects  of  my  book.  Meanwhile,  like  Milton,  I  bate  no  jot  of 
heart  or  hope— except  as  regards  money,  which  is  the  least  import 
tant  item  in  the  matter.' 

In  June  of  this  year  Hamilton  gave  himself  a  little  diversion 
in  the  way  of  arithmetical  calculation,  connected  with  astronomy 
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and  ohronology,  aa  reoorded  in  the  following  letter  to  his  second 
son: — 

Frwn  Sir  W.  E.  Hamilton  to  Rbv.  Archibald  H.  Hamilton. 

'Obsrbyatobt,  June  27M,  1864. 

*  I  have  recently  felt  a  curiosity  to  calculate  back  to  the  date  of 
the  Hegira  (or  Hejira),  from  the  statement  in  the  first  page  of 
Thorn's  Almanac,  that  the  Mahomedan  year  1281  begins  on  our 
6th  of  June,  1864,  and  from  my  remembering  that  a  Mahomedan 
year  consists  of  twelve  lunar  months,  whereof  the  mean  value  may 
be  safely  taken  as  29*5306  mean  solar  days.  (Laplace,  indeed, 
assigns  29  53058871 6  days  as  the  present  value,  perhaps  for  the 
commencement  of  this  century,  of  the  mean  lunation^  or  mean 
fsf/nodic  revohttion  of  the  moon  ;  but  besides  that  this  value  is  very 
nearly  =  29*5306,  the  month  is  slowly  diminishing^  by  the  secular 
acceleration  of  the  moon's  motion.)  Multiplying  then  29*5306  by 
12,  I  got,  first,  354*3672  days  as  the  average  length  of  the 
Mahomedan  year;  and  then  multiplying  this  by  1280,  I  found, 
very  nearly,  453590  days,  as  the  interval  from  the  Hegira  (or 
from  the  commencement  of  the  Mahomedan  year  1)  to  the  6th  of 
the  present  month.  Dividing  453590  by  365*25  (which  latter  is 
the  average  lengtli  in  days  of  the  Julian  year)  I  got  nearly  the 
quotient  1242;  whence  it  might  be  at  once  inferred  that  the  flight 
of  Mahomet  took  place  in  the  year  622  (a.  d.).  But  to  fix  the 
time  in  that  year,  at  least  nearly,  it  seemed  convenient  to  proceed 
lis  follows.  1240  Julian  years  =  310  x  1461  days,  =  452910  the 
tibove  calculated  interval— 680  days ;  and  our  6th  of  June  last  was 
in  Russia  only  the  25th  of  May ;  the  Hegira  then  preceded  the 
25th  of  May,  624,  by  731  days.  Hence  (if  the  foregoing  data  be 
admitted),  the  Hegm  followed  the  25th  of  May  by  51  days:  it 
fell  then  on  the  15th  of  July  in  the  year  622  a.  d. 

^  Such,  at  least,  is  the  final  result  of  the  foregoing  calculation ; 
but  I  placed  no  great  reliance  on  its  minute  accuracy  till  I  subse* 
ijuently  found  Herschel's  Astronomy  in  one  of  the  scientific  shelves 
in  the  Library,  and  had  the  satisfaction  of  seeing,  in  page  635 
of  that  work,  the  precise  date,  July  15  a.d.  622,  assigned  as  that 
of  the  Hejira  (so  spelt  by  Herschel).' 

^What  set  me   thinking  of  the  date  referred  to  was  my 


A  ETAT.  59.]  Date  of  the  Hegira.  171 

recently  happening  to  take  up  Helen's  oopy  of  The  Adventures  of 
the  Caliph  JSaroun  Alraschid^  recounted  by  the  Author  of  Mary 
Powell  .  .  .  London^  1855.  Who  the  interesting  authoress  is  we 
forget,  if  we  ever  knew.  There  is  a  not  unpleasant  air  of  oriental 
learnings  got  up  no  doubt  for  the  oocasiony  but  not  unfair,  sinoe 
some  references  are  given  in  the  margin.  Sut  the  veiy  first  mar- 
ginal note  is  as  follows :  *^  Of  the  Birth  of  Haroun  the  Just. 
Year  of  the  Hegira  139,  a.d.  761."  Then  come  at  intervals  the 
dates: 


A.D.  770. 


A.D.  786. 


A.D.  807. 


Heg.  148.  Heg.  164.  Heg.  185. 

*  The  process  of  manufacture,  you  see,  is  very  simple.  Miss  xyz 
simply  subtracts  622  from  a.d.,  in  order  to  get  her  "Heg."!  I 
saw  that  this  could  not  be  right,  whatever  the  a.d.  date  of  the 
Flight  may  have  been,  ffer  rule  would  have  made  this  year 
=  Heg.  1242 ;  whereas  it  answers  to  part  of  1280,  and  part  of 
1281,  of  the  Mahomedans.  I  could  not  at  first  find  a  smgle  book 
of  dates,  and  was  glad  to  calculate  for  myself  as  above,  and  I  am, 
dear  Arch,  your  affectionate  Father.* 

That  this  stem  detector  of  miscalculations  in  chronology  was 
not  disposed  to  be  a  harsh  critic  of  authoresses  is  shown  by  the 
following  extract  from  a  letter  written  not  long  before  the 
above : — 

*  Obsebtatokt,  April  29,  1864. 

'Dbar  Miss  Alcock, — ^As  you  and  I  are  both  friends  of  my 
daughter,  I  may  perhaps  be  permitted  to  consider  myself  as 
entitled  to  offer  my  thanks  to  you  for  the  very  great  pleasure  (I 
may  well  add  instruction)  which  I  have  received  from  the  perusal 
of  your  beautiful  and  valuable  little  work  on  Alfred  the  Ghreat 
and  Q-ood.  It  may  not  be  known  to  you,  that  Mr.  "Wordsworth, 
the  Poet,  .  .  .  claimed  to  be  a  lineal  descendant  of  Alfred.  .  .  .' 

For  a  considerable  time  in  the  course  of  this  year  Hamilton's 
mind  turned  to  metaphysics;  and  Plato,  Aristotle,  Descartes. 
Berkeley,  Eant,  Coleridge,  Sir  W.  Hamilton  of  Edinburgh,  and 
Dr.  0.  M.  Ingleby  furnished  him  with  matter  of  thought.    This 
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digression  from  his  ordinary  occupation,  or  rather  I  should  saj 
these  occasional  diversions,  were  caused  by  his  having  received 
from  his  new  friend,  the  last-named  in  the  above  list,  the  First 
Part,  recently  published  by  him,  of  an  Introduction  to  Metaphysie. 
I  prefix  to  the  extracts  from  letters  of  this  year  to  Dr.  Ingleby 
one  written  in  1861  on  the  morning  of  the  day  of  which  the 
evening  was  spent  by  the  two  friends  at  the  Observatory  in  their 
first  conversation  on  Philosophy.*  It  fitly  introduces  the  rest  of 
the  set  by  which  the  reader  is  prepared  for  still  further  treatment 
of  the  same  subjects  in  letters  to  other  correspondents.  Whatever 
may  be  the  inherent  value  of  the  contents  of  these  letters — and  on 
this  point  I  do  not  pretend  to  be  qualified  to  pronounce  an 
opinion — they  are  characteristic  of  the  writer,  and  deal  with  inte- 
resting topics. 

From  Sir  W.  R.  Hamilton  to  0.  M.  Ingleby,  d.c.l. 

'  Obsbbvatobt,  Augtui  21,  1861. 

*From  your  extremely  obliging  note  received  on  Monday 
morning,  I  collected  that  unless  I  wrote  to  the  contrary,  as 
being  otherwise  engaged,  &c.,  you  would  favour  me  with  a  visit 
this  evening.  I  pray  you  to  accept  that  impression  as  an  excuse 
for  my  not  having  written  to  you  since,  though  I  might  mention 
that  I  was  working,  on  Monday,  for  example,  for  nwre  than  twelre 
consecutive  hours,  on  things  connected  with  my  forthcoming 
volume,  the  Elements  of  Quaternions,  I  happened  to  notice  this 
morning,  while  relaxing  myself — for  change  of  labour  m,  to  a 
studious  man,  a  relaxation — with  some  perusal  of  Plato,  in  a  vast 
folio  of  M.Dcii.,  that  9  Quatemities  had  been  picked  out  of  his 
writings  by  old  commentators,  e.  g. 

SECUNDA. 

Cratylus :  vel  de  recta  nominiun  ratione. 
llieaBtetus :  vel  de  scientia. 
Sophista :  vel  de  ente. 
Civilis :  vel  de  regno. 

*  Supra^  p.  135,  where  the  Christian  name  of  Dr.  Ingleby  is  printed 
*  Charles '  instead  of  '  Clements.' 
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*  I  rarely  look  at  the  Latin  column ;  but  in  this  case  there  was 
no  help  for  it,  because  there  was  no  Ghreek  to  match. 

*If  anything  should  unexpectedly  prevent  your  coming  here 
this  evening,  I  beg  you  to  believe  that  I  have  attfdned  so  far y  in  the 
study  of  Plato,  as  to  be  most  unfeignedly  aware  of  my  immeme 
inferiority,  in  Phihsophy^  to  ihe  Sir  William  Hamilton/ 

From  the  Same  to  the  Samb. 

*  Obseevatobt,  May  26,  1864. 

* .  -  .  Tour  Par^  i.  [of  Dr.  Ingleby's  Introduction  to  Metaphym]^ 
above  acknowledged  as  arriving,  has  interested  me  extremely.  .  .  . 
It  is  long  since  I  have  read  metaphysics,  as  in  any  sense  a  student; 
but  the  Paper  quite  revived  my  old  interest  in  such  subjects.  I 
felt  that  I  examined  better  on  the  Tuesday  in  consequence  of 
having  so  spent  the  evening  previous;  and  on  the  following 
Wednesday,  when  I  went  to  dine  with  a  co-examiner.  Professor 
Jellett,  at  whose  house  (seven  miles  at  least  from  this  place,  accord- 
ing to  my  estimation)  I  met,  among  other  pleasant  people,  my  old 
friend  Dr.  Lee,  now  Archdeacon  of  Dublin,  I  took  Part  i.  with  me 
to  read  in  the  cab,  and  to  think  on;  and  on  returning  to  this 
Observatory,  at  about  half-past  twelve,  sat  up  for  at  least  two 
hours,  to  read  and  think  on  it  again. 

^  I  had  retained  a  recollection,  confirmed  by  your  letters,  of 
your  being  a  very  agreeable  and  highly  cultivated  gentleman ; 
but  was  scarcely  prepared  for  finding  you  turn  out  so  much  a  power 
in  the  world  as  your  new  "  Parts  "  seem  likely  to  rank  you.  If 
you  had  published  anything  previously,  I  should  be  very  glad  to 
see  it,  and  very  wiUing  to  purchase  it :  for  I  like  your  styk,  **  Le 
style,  c'est  Fhomme,"  say  some:  it  gives  at  least  an  indication.  At 
the  same  time,  as  a  sermon  which  everybody  praises  does  no  good, 
you  would  not  be  satisfied,  I  suppose,  if  I  had  no  objections,  or  at 
least  difficulties,  to  offer  for  your  consideration. 

'Thus  in  §  6,  sentence  the  second,  I  should  like  to  know 
whether  you  deliberately  teach,  respecting  the  Ego,  and  the  Non- 
Ego,  "  that  whatever  is  not  one  is  the  other."  If  you  do  so  teach, 
I  still  do  not  understand,  as  a  logician,  your  saying  immediately 
afterwards,  **  i,e.  that  they  exclude  each  other.''  Surely  A  and  B 
may  exclude  each  other,  without  the  non-existence  of  some  third 
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thing,  or  thought,  C.  At  this  moment,  and  with  a  deep  sense 
of  my  want  of  recent  preparation  for  entering  on  any  such  high 
investigation,  I  should  be  disposed  rather  to  form  this  little  table 
or  scheme  (not  strictly  in  the  Kantian  sense,  perhaps,  of  this  last 
word) : 

{ Der  Ich.  Das  Nicht-ich. 

(  Die  G-emeinschaft. 

or  in  Latin : 

Ego.  Non-Ego. 

Medium  (Communitas). 

*0n  turning  to  your  §  64,  page  61, 1  see  that  you  use  the  icord^^ 
'^  a  medium  between  Ego  and  Non-Ego  " ;  but,  as  it  seems,  rather 
to  reject  a  view  in  which  ^'  Organism  "  might  be  taken  to  be  such. 
What  you  say  in  the  same  paragraph,  but  in  the  following  page 
(62),  comes  much  nearer  to  what  I  mean.  You  say :  '^  How  Ego 
can  be  disturbed  by  Non-Ego  is,  indeed,  an  inscrutable  problem. 
The  fact  must  be  taken  as  the  subject  of  a  primitive  faith."  But 
to  complete  for  the  present  purpose  the  outline  of  my  view  of  the 
above  hinted-at  Medium  transcefidentale^  between  the  Ego  and  the 
Non-Ego,  I  would  refer  to  your  §  68,  in  which  you  say  that 
**  Correspondence  and  mutual  dependence  without  likeness  is  the 
watchword  of  this  system."  And  what  is  still  more  important  for 
the  immediate  purpose,  you  say,  in  the  same  page,  **  every  change 
which  we  voluntarily  effect  in  the  latter  world  "  (that  of  the  senses) 
''has  its  concomitant  and  corresponding  change  in  the  former." 
You  admit,  then,  that  the  Ego  can  disturb  the  Non-Ego,  although 
in  a  manner  to  us  entirely  unknown.  This  I  call  a  part  of 
Medium  (perhaps  rather  a  phase  of  it.  I  am  reminded  of  Cole- 
ridge's "Punctum  IndifFerens,"  sive  "  amphotericum,"  which  as 
viewed  from  A  is  B,  and  as  viewed  from  B  is  A) ;  the  other  party 
which  we  know,  because  we  construct  it^  according  to  your  very  able 
and  important  development  of  £!ant's  -ZElsthetic,  if  rightly  under- 
stood by  me,  is  what  we  call  Perception.  In  the  long  drive  to 
Jellett's  dinner  on  Wednesday  last  I  had  the  greatest  comfort  in 
saying  to  myself,  Tluit  tree,  that  spire,  is  truly  there,  as  I  see  it — 
because  I  have  constructed  it,  though  not  without  suggestion  from 
the  Non-Ego,  as  an  object  so  located.  I  had  no  difficulty  in  turn- 
ing to  the  passage  from  which  your  motto  is  taken,  and  which  very 
«arly  struck  me  in  the  Kritik. 
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^  Hoping  that  you  will  not  regard  me  as  having  been  too  free 
in  my  remarks,  I  am/  &o. 

*  Obssbtatort,  June  14,  1864. 

'  I  have  no  letter  of  yours,  nor  of  my  own,  beside  me  at  this 
moment;  and  there  are  at  least  two  unsent  letters  of  mine,  to 
which  you  are  entitled.  When  I  have  written  a  letter  I  am  apt 
to  think  my  duty  to  my  correspondent  performed ;  the  additional 
circumstances  of  folding  it  up  in  an  envelope,  directing,  stamping, 
and  in  some  cases  copying,  or  getting  copied,  the  contents,  appear- 
ing to  fade  away  into  a  remote  perspective.  .  .  . 

^  Tou  mentioned,  I  think,  a  commentator  who  conceived,  ac- 
cording to  you,  that  Aristotle  had  written  in  Latin.  I  rarely  read 
new  novels  (though  I  read  fast),  but  am  never  tired  of  Walter 
Scott.  Well,  I  yesterday  lit,  in  his  Wood^tocky  on  the  passage 
where  the  learned  Dr.  Rochecliffe  remarks  to  Joceline  :  "  Where, 
says  the  Septuagint,  Fercussum  Egyptium  abscondit  sabulo." 
This  is  only  one  place,  out  of  several,  which  convince  me  that 
Scott  actually  believed  the  LXX.  to  have  been  written  in  Latin. 
Did  he  coin  the  quotation  P    I  have  not  a  Vulgate  at  hand.'* 

*  June  4,  1864.  .  .  .  Tou  were  ple€U9ed  to  express,  in  a  recent 
note,  a  fear,  or  at  least  an  expectation,  that  some  people  will 
blame,  or  "superciliously  smile  at"  you,  for  the  "constant  intru- 
sion of  physical  and  physiological  considerations  into  Metaphysic." 
I  shall  not  be  one  of  those  people.  On  the  contrary,  I  conceive 
that  it  is  most  strictly  proper  and  philosophical,  in  connexion  with 
Theoi^%  of  Perc^tUmj  to  try  all  possible  experiments:  and  I  may 
shortly  indicate  a  certain  "  corpus,"  videlicet  my  own,  on  which 
some  such  might  perhaps  usefully  be  made.  (Lest  I  should  not 
have  time  to  return  on  this,  let  me  just  say  that  I  allude  to  my 
habitually  seeing  double  since  I  was  very  young.  I  attribute  this 
chiefly  to  my  having  had  a  telescope  of  my  own — a  very  good 
sliding  DoUond — when  I  was  only  about  eight  years  old.  .  .  .) 

*  Tou  have  most  justly  insisted  on  the  immense  superiority, 
which  in  fact  I  think  cannot  be  exaggerated,  of  the  Seme  of  Sight 
above  the  sense  or  senses  of  Touch.  To  hear  some  people  talk, 
even  people  of  highest  note,  or  rather  to  read  their  writings,  one 

•  It  is  in  the  Vulgate,  Exod.  ii.  12. 
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would  be  apt  to  Buppoee  that  a  man  blind  from  birth  should  actually 
have  an  advantage  over  a  seeing  one,  in  learning  such  a  scienoe  as 
Geometry ;  that  all  would  oome  right  to  A^m,  almost  from  i\i^ first : 
or  at  the  very  least,  that  he  would  hiKVQ  fewer  ilimions  to  unlearn. 
Yet  the  existence  of  any  such  natural  superiority  of  the  bom  blind 
does  not  seem  to  be  confirmed  by  experience.  (Please  to  observe 
that  I  do  not  at  all  dispute  the  possibility  of  a  man  bom  blind 
attaining  any  height  in  mathematics  :  I  only  deny  that  he  has  any 
advantage  over  seeing  people.  Sanderson  was  certainly  a  remark- 
able man  of  science ;  but  he  had  at  least  a  year  of  vision.)  For 
my  part  I  have  very  long  been  of  opinion  that  Touch^^ven 
muscular  touchy  handling  as  distinguished  from  mere  feeling — has 
I/O  advantage  whatever  over  sight — even  over  vision  with  a  single 
EYE — ^and  this  is  a  very  important  assertion  for  my  purpose,  in 
making  known,  or  even  suggesting  to  us  the  Existence  of  Objects^  in 
Tridimensional  Space. 

^  As  to  mere  skin-touchy  such  as  that  with  the  palm  of  the  hand, 
or  other  soft  part  of  the  body,  the  information  of  objects  which  it 
gives  seems  to  be  almost  nothing,  even  at  first  contact :  and  in  an 
extremely  short  time,  such  information,  or  even  suggestion,  appears 
io  fade  away  completely.' 

'  June  4.  ...  I  doubt  whether  skin-touch  would  have  led  us  to 
a  belief  in  objects  at  all,  any  more  than  the  sense  of  smell :  less 
easily,  I  think,  than  that  of  taste,  on  account  of  the  movements  of 
the  tongue ;  but  I  admit  it  to  be  impossible  to  say,  what  the  slightest 
^ark  might  or  might  not  have  done,  when  falling  from  what  we 
call  without,  on  the  powder  magazine  of  our  Potential  Intuition. 

*  But  take  our  Muscular  Touch — Handling.  This  sense  gives, 
I  think.  Two  Dimensions  of  Space,  with  ease ;  but  not  with  greater 
ease  (nor  with  so  much  to  me,  who  am  not  blind)  than  the  sight  of 
a  single  eye,  with  its  power  of  Looking,  first  at  one  part,  then  at 
another  part  of  the  Picture.  Books  tell  me — you  tell  me — that  in 
this  looking  I  alter  the  direction  of  an  Optic  Axis ;  and  I  am  far 
from  disputing  your  authority.  I  submit  to  the  teaching  of 
Optical  Anatomy.  But  Muscular  Anatomy  has  other  revela- 
tions to  make,  or  doctrines  to  propound,  which  I  am  still  less 
qualified  to  dispute  ;  and  of  which  I  need  only  say  that  they 
introduce  the  element  of  Body — our  own  body — at  least  as  much 
into  what  may  seem  the  province  of  Will,  in  the  Act  of  handling^ 
as  in  that  of  looking. 
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'  To  get  beyond  either ^  something  deeper,  higher,  more  powerful, 
is  required,  namely,  the  Original  Intuition  of  Space,  whioh  waits 
to  he  awakened  by  Sensation.* 

*  June  15,  1864. — After  laying  the  two  preceding  sheets  aside 
for  more  than  ten  days,  I  am  astounded,  or  at  least  amused,  at  my 
own  audacity,  in  having  written  here  and  there,  as  if  I  had  a  right 
to  an  opinion  of  my  own  on  such  high  points  of  philosophy.  And 
pou  may  be  amused  or  surprised  when  I  tell  you  that  I  have  not^ 
at  present,  a  single  book  of  Berkeley's  or  of  Hamilton's  in  my 
library. 

'  As  to  Berkeley,  it  is  of  the  less  consequence,  because  I  was  early 
lent  a  good  three- volume  edition  of  his  works  by  a  noble  friend, 
who  was  formerly  a  pupil  of  mine,  and  who,  after  about  twenty* 
five  years,  reclaimed  the  loan  not  very  long  ago ;  so  that  I  had 
leisure  to  become  sufficiently  impregnated  with  Berkeley's  teach- 
ing, for  one  who  has  never  aspired  to  be  himself  t^  teacher  of  Philo- 
sophy. In  fact,  when  I  was  rather  young,  namely,  in  1832,  I 
allowed  Coleridge  (at  Highgate)  to  see  that  I  was  at  that  time 
a  regular  Berkeleyan;  and  he  was  pleased  to  say — ^for  our 
several  interviews,  of  that  year  and  the  following,  of  which  some 
were  long,  were  not  all  monologues  on  his  part — he  allowed  me  to 
make  a  remark  now  and  then,  and  actually  modified  his  discourse 
to  meet  it :  '^  Oh,  sir,  you  will  grow  out  of  that  I "  In  some  respects 
that  prophecy  has  been  since  fulfilled ;  but  out  of  love  and  reverence 
for  the  great  and  good  Bishop,  I  trust  that  I  shall  never  grow. 

Since,  then,  I  have  sat,  although  long  ago,  at  the  feet  of 
Berkeley,  what  more  disqualifies  me  than  the  temporary  absence 
of  his  Works  from  my  library,  to  be  a  worthy  correspondent  of 
yours,  is  the  extreme  slightness  of  my  acquaintance  with  the 
vmtings  of  the  great  Sir  William  Hamilton — ^in  whom  you  seem 
to  have  formerly  recognised  a  master.  (I  have,  however,  read^ 
several  times  over,  the  ^'Bampton  Lectures"  (for  1858)  by  Dr. 
Hansel,  one  of  the  most  able  and  affectionate  pupils  of  Haniilton, 
with  its  Preface,  and  most  of  its  Notes  [3rd  Edition]  . .  .)  A 
young  friend  lent  me,  in  1850,  '^  Hamilton's  Beid":  this  is 
probably  not  the  exact  title  of  the  book,  which  he  left  with  me  for 
at  least  a  year,  perhaps  for  two.  I  was  at  that  time  very  busy  in 
carrying  through  the  press  my  Lectures  on  Quaternions :  as  the 
Table  of  Contents  of  the  Elements — a  quite  new  work  on  the  same 
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general  subject — is  oooupying  me  just  now.  But  I  have  a  lively 
Tecollection  of  running  over,  as  I  might  have  done  a  olever  and 
spicy  Article  in  some  Beview,  an  Appendix — such,  I  think,  was 
its  title — ^in  which  Sir  William  Hamilton  had  (to  me  at  least,  and 
at  the  time)  the  air  of  yindicating  what  he  was  pleased  to  call  the 
Doctrine  (or  something  equivalent)  of  Common  Sense,  by  a  tre- 
mendous artillery  of  learning  and  quotations  ...  On  the  whole, 
I  very  much  enjoyed  the  Appendix;  but  rose  from  it  with  the 
feeling  that  no  conviction  had  been  imparted  or  disturbed.* 

*  I  totally  forget  if  I  ever  took  the  trouble  to  understand  what 
^'oosmothetic  realism"  and  "cosmothetic  idealism"  may  have 
meant  in  Sir  William  Hamilton's  Vocabulary.  Now  your 
pamphlet  has  set  me  thinking,  with  some  curiosity,  on  such  things 
again ;  but  it  has  naturally  produced  an  impression — not  painful^ 
because  I  am  otherwise  well  employed,  and  there  must  be  a  division 
of  labour — ^that  I  do  not  know  the  A  B  0  of  your  present  contest 
with  your  former  master. 

* »  .  .  But,  talking  of  instinct^  it  appears  to  me  that  no  theory  of 
Human  Perception  can  be  completely  satisfactory  which  ignores 
Animal  Percq>tion.  In  Oampbell's  Specimens  of  the  British 
Poets  I  have  just  noticed  the  following  lines  of  an  obscure  writer 
(William  Whitehead)  :— 

"  The  kitten,  too,  waa  comical, 
6he  played  so  oddly  with  her  tail, 
Or  in  the  glass  was  pleased  to  find 
Another  oat,  and  peeped  behind." 

Whether  this  be  true  of  a  young  kitten,  I  doubt :  the  lines  perhaps 
do  too  much  honour  to  its  intellect^  or  imagination,  or  even  percept 
tite  power.  But  I  have  frequently  seen  a  wise  old  cat  look  at  her- 
self in  a  mirror,  and  then,  at  once,  go  behind  it.  Have  you  ever 
troubled  yourself  to  speculate  upon  this  factP  And  generally 
should  you  admit  or  deny  that  there  is  a  good  deal  of  imtinct  in 
our  perception  P 

^  On  the  22nd  of  September,  1864,  Hamilton  writes  to  De  Morgan :  <  I  con- 
tinne  to  admire  Hamilton  himself  [Sir  W.  H.  of  Edinburgh],  as  a  writer,  and 
should.gladly  be  a  atudent  of  his  works,  for  many  years  to  come,  bat  am  satis- 
fied that  I  should  never  become  a  pupil.  His  whole  view  of  what  Philosopht 
is,  or  onght  to  be,  differs  essentially  from  mine.  But  it  would  not  become  me 
to  enlarge  at  present  on  such  a  topic  • . .' 
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'  Human  babies,  I  suppose,  do  not  really  %ee^  until  they  begin 
to  take  notice^  however  good  the  optical  images  upon  their  retinas 
may  be.  But  as  to  those  eye-images,  true  as  it  may  be  that  in 
strictness  we  do  not  see  them,  and  even  that,  as  being  thus  unper- 
oeived,  they  do  not  (Berkeleyanly)  exist,  metaphysiciaxiB  ought  not 
to  forget  that  physicians  hold  them  to  be,  at  least  under  ordinary 
oiroumstances^  conditions  of  vision. 

*  I  am  pretty  sure  that  Sir  Isaac  Newton  has  somewhere  said 
that  the  great  object  to  be  aimed  at,  in  the  improvement  of  optical 
instruments,  is  to  make  stwh  (retinal)  pictures  ''bigger,  brighter, 
and  more  distinct":  or  words  to  that  effect. 

'  This  has  been  so  rambling  a  letter,  if  a  letter  it  may  be  called, 
that  I  shall  follow  up  here  a  remark  on  its  2nd  page,  by  observing 
that  although  I  habitually  see  a  double  universe,  yet  a  marked  im- 
provement has  taken  place  within  the  last  few  weeks,  in  my  power 
of  seeing  single.  This  I  attribute  to  my  having  lately,  for  the  first 
time  in  my  life,  bought  a  stereoscope,  and  used  it  at  leisure  here : 
no  doubt  incited  by  your  "  Part."  A  friend,  within  a  few  minutes' 
walk  of  me,  has  long  had  a  stereoscope  apparatus ;  but  years  elapsed 
before  I  could  catch  the  effect  at  all.  With  each  eye,  separately,  I 
saw  a  good  relief;  but  it  was  at  Cheltenham,  in  1S56,  that  I  first 
was  able  to  see  that  tertium  quid,  which  is  the  true  result  of  the 
stereoscope :  and  certainly  it  greatly  astonished  me.  The  illusion 
was  wonderful ;  but  I  cannot  yet  feel  that  it  throws  much  light  on 
my  own  ordinary  process  of  vision.  Whatever  Berkeley  may  have 
said,  I  am  quite  sure  that  I  see  distance  with  each  eye  separately  ; 
and  although  the  two  focal  lengths  are  not  exactly  equal,  the  uni- 
verse seen  with  the  one  eye  differs  in  no  appreciable  degree  from 
that  perceived  with  the  other. 

'I  entirely  repudiate  the  notion  that  it  is  tangible  distance 
which  I  see :  indeed  I  am  not  sure  that  there  is  any  such  thing  as 
'^  tangible  distance."  What  I  see  is,  that  some  things  are  nearer 
than  others ;  that  there  is  a  gradation,  9,  perspective,  which  is  almost 
exactly  the  same  to  one  eye  as  to  the  other.  It  is  true  that,  if 
my  attention  is  called  to  the  question,  when  I  look  (for  example) 
from  a  window  of  an  upper  room  on  trees  or  shrubs  in  a  lawn,  I 
can  conceive  myself  going  to  the  room-door,  thence  to  a  lobby, 
thence  down  the  stairs,  thence  out  at  a  hall-door,  and  thence 
walking  across  the  lawn,  till  I  put  my  hand  upon  a  tree  or  shrub. 
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But  such  is  not  my  hahit ;  nor  do  I  admit  that  any  such  reference 
to  a  possible  touching  forms  even  an  element  in  the  visual  perception 
ofdistancCf  which  I  insist  that  I  have  (and  with  each  eye),  whether 
I  otight  to  have  it  or  not.  As  to  how  far  off  any  given  object  of 
vision  is,  I  admit  that  mj  estimate  is  verj  vague:  or  rather,  I 
make  habitually  no  such  estimate  at  all,  as  referred  to  feet,  yards^ 
or  miles.  I  only  judge,  or  rather  see,  as  above  said,  that  one 
object  is  nearer  than  another;  and  this  often  with  an  extreme 
variety,  as  in  the  case  (for  instance)  of  a  landscape. 

'The  result  of  all  this  is,  that  /cannot  attach  so  much  importance 
as  you  do  to  binocular  vision.  If  it  had  pleased  Providence  to 
bestow  on  me  a  second  pair  of  eyes,  I  trust  that  I  should  have 
borne  the  infliction  with  patience,  and  have  learned  to  beUeve  in  a 
single  universe,  while  perhaps  habitually  seeing  four. 

'Having  been  from  childhood  a  reader,  and  even  to  some 
extent  a  writer,  if  childish  journals  intermixed  with  scraps  of 
Persian  and  Sanscrit,  &c.,  are  to  be  accounted  writings,  I  certainly 
see  Apage  of  a  book,  or  a  sheet  of  a  letter,  as  single.  And  when  I 
succeed  in  so  seeing  a  somewhat  more  distant  object — as  at  this 
moment  a  cup  of  tea  upon  a  table  not  very  near  me — I  am  con* 
sdous  of  some  new  satisfaction,  and  must  admit  that,  in  a  way 
which  I  cannot  thoroughly  explain,  I  have  more  than  before  the 
sensation  or  impression  of  reality.  This  result  may  be  partly  physi- 
cal, the  object  being  then  more  distinctly  seen ;  and  perhaps  partly 
mental,  inasmuch  as  I  had  not  previously  believed  in  the  two  cups 
which  I  saw.  I  am  almost  inclined  to  admit  that,  as  with  the 
stereoscope,  but  in  a  much  fainter  degree,  I  see  a  tertium  quid.  But 
I  am  not  conscious — and  have  tried  the  experiment  very  often — of 
any  change  of  visible  distance,  such  as  I  constantly,  or  at  least 
normally,  experience  with  the  stereoscope,  when  I  succeed  with  it,, 
after  some  short  double  vision. 

'  Some  people  would  not  choose  to  be  so  candid  •  .  .  and  I  am 
not  aware  that  any  one  could  guess  the  fact  [of  my  double  vision]^ 
if  not  informed  of  it  by  myself.  I  had  the  honour,  forty  years 
ago^at  which  time  I  was  a  boy — of  being  introduced  to  Miss 
Edgeworth  at  Edgeworthstown ;  and  she  was  pleased  to  indulge 
me  with  what  I  may  venture  to  call  an  intimate  acquaintance,  or 
rather  friendship,  from  that  time  to  her  death.  She  was  an  emi^ 
nently  truthful  person,  and  it  occurred  to  me  to  ask  her,  very  early^ 
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when  we  were  by  ourselves,  wliether  I  squinted.  She  looked 
steadily  at  my  eyes  for  a  minute  or  more,  and  then  replied :  "  No, 
Mr.  Hamilton,  you  donH  squint."  On  the  other  hand,  I  onoe 
knew  a  very  amiable  lady,  who  squinted  awfully;  it  was  reaUy 
painful  to  look  at  her  face :  and  yet  I  have  no  reason  to  suppose 
that  s/ie  saw  double.* 

^The  case  may  be  more  common  than  it  is  known  to  be;  as 
^* Daltonism"  was  found  to  be  not  peculiar  to  Dalton,  who  told  me 
himself,  that  he  could  not  distinguish  by  sight,  or  rather  by  colour^ 
the  fruit  from  the  leaves  of  a  cherry-tree.  I  am  not  aware  of  any 
deficiency  of  that  sort  in  myself. 

^  To  wind  up  the  statement  of  my  own  belie/y  founded  partly 
on  experience,  and  partly  on  theory,  regarding  mt/  own  visual  per- 
ceptions, I  maintain,  or  at  least  believe,  that  if  I  had  been  blind  of 
one  eye  from  my  birth^  and  had  also^  in  some  way,  by  malformation 
or  paralysis,  been  deprived  of  the  use  of  both  hands  from  birth  or 
earliest  infancy,  ...  I  should  stilly  by  looking,  and  locomotion, 
have  learned  to  see,  with  the  one  sound  eycy  precisely  the  same 
VISIBLE  UNIVERSE,  including  gradation  of  distance  (I  do  not  say 
estimate  of  distance,  which,  as  already  remarked,  I  do  not  habitually 
make),  as  that  which,  unth  that  eye^  I  now  behold.    I  remain,'  &c« 

*  Obsbkvatory,  June  21,  1864. 

*  I  received  your  letter  of  the  20th  to-day — but  for  the  moment 
can  only  acknowledge  it,  by  getting  stitched  into  this  sheet  a 
number  of  others  which  had  been  lying  by  me  [viz.  the  letters 
above  printed  from  June  4th  onward],  and  indeed  are  little  worthy 
to  be  forwarded.  Let  me,  however,  say  that  I  think  I  understand 
your  Law  of  Reciprocal  Causation  (p.  61,  &c.),t  and  have  great 

♦  [Dr.  Ingleby  annotates  "  I  have.    C.  M.  J."] 

t  * .  .  .  The  principle  of  JReciprocal  Causation  is  too  mnoh  an  individual 
insight,  of  power  and  vitality,  for  the  intrusion  of  Scepticism.  In  the  table  on 
page  64  I  might,  perhaps,  have  preferably  employed  perceptus  instead  of  per» 
ceptio.  But  in  the  singular  it  is  an  intolem  verhum.  If  a  reader  can  securely 
catch  the  great  distinction  of  subjective  and  objective  experience  {i.e.  qud,  per- 
cipient, and  quit  speculator),  he  will  not  be  long  in  perceiving,  as  I  do,  that  the 
Understanding  (Yerstand)  erects  the  phantasmaia  €esthetica  into  an  objective 
mundus  sensHnlis;  and  resolves  the  Beal  Mundus  TranscendentaUs  into  a 
Percept,  Obviously  to  do  these  two  things  is,  in  effect,  to  convert  the  order  of 
causation.  Who  has  ever  seen,  or,  at  least,  said  this  before  me  P'  [Extract  from 
Dr.  Ingleby's  letter  of  June  20,  1864.] 
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hope%  that  it  is  both  new  and  true.  It  certainly  has  given  me 
several  subjects  of  interesting  meditation ;  but  to  render  an  opinion 
of  mine  of  any  value  uthate^er^  on  9uch  a  question,  I  ought  to  have 
been  more  recently  reading  Kant  and  other  metaphysical  writers 
on  the  subject  of  Perception  :  and,  above  all,  since  you  so  often 
refer  to  him,  and  in  a  controversial  way,  I  ought  to  have  made 
myself  acquainted  with  the  views  of  Sir  William  Hamilton^  other- 
wise than  by  an  imperfect  recollection,  referred  to  in  sheet  4  of  the 
enclosed  letter,  of  a  partial  perusal  of  his  work  on  Keid,  which  was 
returned  by  me  to  a  friend  about  twelve  years  ago.  (I  have  lately 
been  reading,  with  much  interest,  a  good  deal  of  Beid  himself.) 
P.S. — Descartes,  in  Cap.  vi.,  §  xx.  of  his  Dioptrics^  says  ..."  Ex 
quibus  fit,  ut  ne  quidem  sensus  noster  commimis,  ideam  dlstantise 
capere  posse  videatur,  ultra  centum  aut  ducentos  pedes  abductae. 
Atque  hoc  patet  ex  eo  quod  Luna,  et  Sol,  qui  stmt  e  numero  cor- 
porum  remotissimorum  quae  oontueamur,  .  .  .  pedales  ut  plurimum, 
vel  ad  summum  bipedalea  nobis  videantur,  licet  ratio  dictet,  illos 
longe  maximos  et  remotissimos  esse."  Berkeley,  then,  was  not  the 
first  to  think,  with  his  Hylas,  that  the  moon  appeared  to  be  "about 
afoot  in  diameter. ^^  And  some  such  estimate  I  believe  to  be  t-ery 
commonj  although  I  was  too  early  spoiled  by  science  to  have  a 
recollection  of  my  ever  thinking  so.  A  foot^  however,  rather 
exceeds  the  average  estimation,  so  far  as  I  have  noticed.  Just 
now,  I  asked  my  daughter,  "How  large  is  the  moon  in  the  sky  .^" 
"About  half  a  degree,"  she  replied.  "Come,"  said  I,  "you 
learned  that  from  Astronomy;  but  answer  as  a  girl  of  common 
sense."  She  knew,  unluckily,  that  all  depended  on  the  supposed 
distance ;  still,  by  way  of  saying  something,  she  named  a  small 
saucer  as  a  comparison.  I  knew,  long  ago,  a  very  short-sighted 
gentleman  who,  perhaps  in  consequence  of  the  great  irradiation  in 
his  eyes,  compared  the  visible  moon  to  a  small  round  tablCy  which, 
might  be  of  the  extreme  bipedal  standard  of  Descartes.  People  in 
general,  I  fancy,  don't  trouble  themselves  to  estimate  the  distanoe 
of  the  moon,  as  seen  by  them,  but  think  that  they  can  estimate  ita 
visible  size^  in  feet  or  inches,  or  by  some  comparison  of  that  sort.' 

The  follovring  letter  to  Mr.  Barlow,  F.T.C.D.,  on  Sir  William 
Hamilton  of  Edinburgh,  on  *  Hamilton's  Eeid,'  and  on  Descartes, 
is  in  natural  connexion  with  the  above  Ingleby  correspondence. 
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by  which  Hamilton's  mind  was  led  into  the  region  of  thought 
whioh  in  this  letter  he  continues  to  explore : — 

From  Sir  W.  R.  Hamilton  to  Ebv.  J.  W.  Barlow,  f.t.c.d. 

'  Obsertatort,  JufiB  30, 1864. 

^ . .  .  I  have  already  been  reading  a  good  deal  of  the  book  you 
re-lent  me  yesterday  (for  this  current  month),  known,  I  suppose,  as 
'*  Hamilton's  Beid."  Beid's  own  works  (at  least  his  Essays)  I  had 
lately  been  reading  with  interest,  in  a  well-bound  two-volume 
octavo  edition  (Dublin,  1786),  which  was  given  as  a  College  prize 
to  the  deceased  uncle  (Bev.  James  Hamilton  of  Trim)  who  edu* 
Gated  me. 

^  Of  Sir  William  Hamilton  I  am  prepared  to  think  even  more 
highly  than  I  already  do.  Were  you  not  (I  think  you  were)  at,  at 
least,  one  of  the  tea  parties  in  Edinburgh  in  1850,  at  Sir  William 
Hamilton's  house,  to  which  we  were  invited  together  P 

^  I  knew  that  he  was  an  an^i-mathematician ;  and  had  made  up 
my  mind  that  I  would  submit  without  reply  to  any  attack  on 
mathematics,  from  one  who  was  so  much  older  and  more  celebrated 
than  myself,  and  was  in  infirm  health  besides.  But  Sir  W.  H* 
was  so  entirely  the  gentleman^  as  not  to  put  my  forbearance  to  any 
such  test ;  and  I  still  preserve  and  value  the  rather  rare  book,  of 
somewhat  modem  Latin  poetry,  in  which  Leibnitz  figures  exten- 
BLvely,  and  which  he  was  so  good  as  to  request  his  Lady  Hamilton 
to  fetch  down  for  me  from  a  shelf  known  to  her. 

^  Well,  I  retain  all  my  old  respect  for  Sir  William  Hamilton, 
of  Edinburgh,  as  a  gentleman,  and  also  as  one  of  the  most  learned 
metaphysicians  of  modem  times,  at  least  within  these  coimtries. 
As  regards  the  logical  controversy  between  him  and  De  Morgan, 
about  the  quantification  ofthepredicatcy  and  all  that,  I  do  not  presume 
to  have  even  an  opinion,  at  present :  perhaps,  two  or  three  years 
hence,  I  may  be  led  to  form  one.  (At  Oxford,  in  1847, 1  remem- 
bered enough  of  the,  then,  recent  controversy,  to  set  Mr.  Hallam 
(of  the  Middle  Ages,  &c.)  thinking  from  one  breakfast  to  another. 
At  the  second  breakfast  Mr.  Hallam  admitted  that  the  point  was 
made  out.  By  the  point,  I  mean  De  Morgan* s  view,  as  stated  by 
myself.)* 


*  See  vol.  ii.,  p.  495. 
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*•  But  I  oonoeiye  my  old  mathematioal  orony  and  correspondent, 
Professor  De  Morgan,  to  have  proved — ^in  the  Atheticeum,  a  few 
years  ago — ^that  Sir  William  Hamilton  had  never  attained  to  a 
oorreot  understanding  of  the  First  Proposition  of  the  First  Book  of 
Euclid;  although  he  used  to  lecture  thereon,  for  the  purpose  (I 
belieye)  among  others  of  illustrating  his  thesis  (note  to  Keid, 
p.  709),  that  '^mathematics  are,  as  is  universally  confessed,  the 
easiest  of  all  sciences"  The  italics  are  his  own).  This  seems  to 
me  unpardonable^  in  him.  I  am  most  willing  to  learn  fronij  but 
how  can  I  trust  a  teacher,  who  ventured  to  pronounce  on  the  intel- 
lectual tendencies  and  position  of  a  science,  in  which  he  was 
ignorant  of  his  oum  ignorance  of  the  first  rudiments  P  Still  I  am 
very  glad  to  have  his  book.' 

*  July  4,  1864. — Since  my  letter  of  Thursday  last  has  not  yet 
"been  posted,  I  wish  to  write  a  sort  of  postoript  to  it.  .  .  . 

'I  have  an  Elzevir  edition  (Amsterdam,  1677)  of  ^'Benati 
Des  Cartes  Principia  PhilosophicB.''  It  is  said  in  the  title-page  to 
be :  ''  Ultima  Editio  cum  optima  coUata,  diligenter  recognita,  et 
mendis  expurgata."  It  contains  several  distinct  treatises,  bound  up 
together,  e.g.  "  Dissertatio  de  Methodo,"  "  Dioptrice,"  "  Meteora," 
&Q.  But  the  weightiest  is  the  Principia;  a  title  and  (for  the 
age)  a  success  which  perhaps^  nay,  I  think  probably,  stimulated 
Newton  to  produce  his  own  great  work,  although  it  was  Principia 
Mathematica. 

'As  early  as  page  2,  Des  Cartes  introduces  his  celebrated 
**  Cogito  "  argument,  under  the  form  :  "  Ac  proinde  hseo  cognitio, 
ego  cogitOy  ergo  suniy  est  omnium  prima  et  certissima,  qusB  cuilibet 
ordine  philosophanti  occurrat."  Observe  the  ego :  it  is  repeated  in 
page  3,  where  he  does  not  deny  .  .  .**  non  ide6  negavi,  quin  ante 
ipsam  scire  oporteat  quid  sit  cogitatio,  quid  existentia,  quid  certl- 
tudo,"  &c.,  but  maintains  that  philosophers  have  rendered  things 
obscure,  which  were  in  themselves  most  simple  and  well  known, 
through  seeking  to  explain  them  by  logical  definitions. 

'  Now  this  "  ego,"  which  Des  Cartes  thus  repeatedly  couples 
with  "  cogito,"  has  very  commonly  been  omitted  in  quotations ; 
and  I  have  even  seen  arguments  founded  on  such  omission,  which 
sought  to  prove  that  the  author  of  the  sentence  had  designedly  kept 
the  pronoun  out  of  view,  and  was  thereby  sophistical.  His  own 
reniiarks  upon  the  whole  subject  are  at  least  very  clear. 
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'  M J  edition  of  Des  Cartes'  philosophy,  as  abeady  mentioiiedy 
is  of  1677 ;  but  it  was  not  the  fir^ty  and  Spinoza  had  previously 
written  a  sort  of  mathematical  commentary  on  the  first  two  Books  of 
that  "  Piincipia."  Aooordingly,  I  have  an  octavo  volume  of  700 
pages,  published  aho  at  Amsterdam,  but  in  1663,  and  therefore 
14  years  earlier,  of  which  a  part  of  the  title-page  is  as  follows : — 
'^  Benati  Des  Cartes  Principiorum  Fhilosophifld  Pars  i.  et  11.,  more 
.geometrico  demonstratae  per  Benedictum  de  Spinoza  Amstelodam- 
-ensem.  Aooesserunt  ejusdem  Cogitata  Metaphysioa."  .  .  .  The 
volume  contains  also  a  '^  Tractatus  Theologico-Politious "... 
(Hamburgh,  1670),  from  which  Colenso  may  have  taken  hints: 
besides  Epistles,  &c.  Spinoza,  in  hie  page  4,  uses  twice,  without 
pronounSf  the  formula :  duMto^  cogitOj  ergo  sum. 

' .  .  .  There  seems  to  be  an  incompleteness  in  the  copy  of  the 
Notes  on  Eeid  which  you  kindly  lent  me.  It  breaks  off  abruptly 
at  page  914,  in  the  middle  of  Note  D  *  *  * ;  after  which  page 
come  a  couple  of  specimens  of  works  preparing  for  publication. 
Have  you  a  second  volume?  From  the  "Advertisement"  I 
.suspect  that  the  volume,  as  published,  may  have  abruptly  ended ; 
but  in  the  body  of  the  work  I  have  observed  references  to  Notes 
a  and  B,  for  example  (compare  the  following  passage),  which  are 
•either  non-existent,  or  at  least  non-apparent. 

'In  particular,  and  as  connected  with  part  of  this  letter,  I 
observe  that  in  p.  268  b,  Beid  says  of  Des  Cartes : — "  He  used  this 
argument,  therefore,  to  prove  his  own  existence,  CogitOy  ergo  sumJ^ 
But  in  a  footnote  to  the  end  of  the  following  sentence  (p.  226  a), 
Hamilton  remarks : — "  On  the  Cartesian  doubt,  see  Note  R.  JT." 
Now,  as  above  said,  I  can  find  no  note  later  than  D  *  *  * ;  nor  is 
even  that  note  finished  in  your  copy.  But  perhaps  I  shall  find 
the  cream  of  what  Hamilton  had  designed  to  say  in  some  of  his 
foot»noi&&  to  Beid. 

'I  see  that  I  must  read  Note  C  before  Note  A,  on  account  of  its 
technical  terms.'  * 

In  a  very  interesting  letter  addressed  by  Hamilton  to  Dr.  Hart 

*  In  Mr.  Barlow'B  reply  ke  says : — '  "  Hamilton's  Beid "  was,  I  believe, 
never  completed,  which  is  the  more  extraordinary,  as  Sir  W.  H.  undertook  and 
^completed  the  editing  of  all  Dugald  btewart's  Works  subsequently  to  the  pub- 
iication  of  the  edition  of  £eid.' 
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on  the  30th  of  June  in  this  year,  he  thus  refers  to  the  metaphysical 
ezoursions,  a  record  of  which  has  just  been  placed  before  the 
reader : — 

^ .  .  .  The  fact  is,  that  one  of  my  early  tastes  was  for  meta* 
physics,  and  something  has  lately  occurred  to  revive  it.  Another 
was  for  Eastern  languages ;  and  I  chanced  yesterday  to  light  on 
the  first  sheet  of  a  ^'  Persian  Grammar/'  written  by  myself  forty 
years  ago.  These  things,  with  others,  may  occasionally  relax  th& 
bow :  "non  semper  tendit . .  ." ;  but  "  many  tastes,  one  power" — 
and  my  only  power  is  mathematics.' 

This  verdict,  so  deliberately  pronounced  by  Hamilton,  near 
the  close  of  his  life,  upon  his  special  faculty  and  function  in 
relation  to  other  constituent  elements  of  his  intellectual  being,  is 
in  remarkable  accord  with  the  expression  used  by  him  at  the  com- 
mencement of  his  public  career,  when,  in  a  letter  to  his  sister 
(vol.  i.,  p.  286),  he  spoke  of  his  interest  in  Science  as  being  his 
master-passion.  Doubtless  the  word  '  others '  of  the  clause,  ^  These^ 
things  with  others,^  in  the  passage  above  quoted,  was  intended  to^ 
include  Poetry :  and  the  passage  is  therefore  scarcely  compatible- 
with  a  declaration  which  has  been  attributed  to  him,  *  I  live  by 
mathematics ;  but  I  am  a  poet.'  I  find  it  difBlcult  to  suppose  this- 
to  be  an  accurate  report  of  his  words.  He  might  very  conceivably 
have  said,  '  What  /  am  as  a  man  is  more  shown  by  my  poetry,, 
which  reveals  the  inner  current  of  my  life  and  my  affections,  than 
by  my  mathematical  works ;  as  also  by  my  metaphysical,  ethical,, 
and  religious  opinions,  which  indicate  my  standpoint  in  Philo- 
sophy':  this  it  would  have  been  natural  for  him  to  say,  for  he  felt 
it  acutely,*  but  we  may  consider  as  certain  that  he  would  not,  on 

•  A  letter  to  myself  gives  expression  to  Hamilton*s  painful  sense  of  the^ 
inferiority  of  mathematics,  exemplified  by  the  works  of  the  highest  mathe- 
matical genius,  to  corresponding  works  of  poetical  genius,  through  the  absence 
from  them  of  elements  immediately  affecting  the  spirit  and  Hfe  of  man.  The 
testimony  borne  in  the  first  portion  of  the  letter  to  Wordsworth's  early  appre- 
ciation of  Tennyson  had  been  anticipated  by  the  elder  poet's  written  words  ia 
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the  ground  of  the  occasional  expression  of  such  opinions  in  letters 
and  lectures  on  Astronomj  or  of  the  occasional  relief  of  his  feel- 
ings afforded  by  his  poetical  compositions,  have  claimed  a  place  in 
the  rank  of  acknowledged  Philosophers  or  Poets.  He  maj,  indeed,, 
have  been  conscious  of  being  potentially  a  Poet  and  a  Philosopher, 
and  that,  I  think,  is  all  that  he  can  ever  have  intended  to  express  ; 
but  howeyer  largely  he  may  have  felt  that  he  possessed  the  ele- 
ments which  constitute  either  the  Poet  or  the  Philosopher,  it  is 
satisfactoiy  to  read  his  clear  recognition  that  his  chief  faculty  was 
the  power  of  dealing  with  mathematical  truth,  and  to  extend  it& 
boundaries  his  highest  function.  What  he  considered  the  main 
value  of  his  poetry  has  already  been  recorded  in  the  passages  to- 
be  found  in  the  second  volume  of  this  work,  pp.  402,  612,  613 ; 
but  I  am  able  to  add  another  more  definitely  acknowledging 
his  sense  of  its  defects,  while  referring  to  a  favourable  judgment 
on  it  of  Francis  Edgeworth,  in  which  he  evidently  concurs. 

one  of  his  letters  to  Hamilton  (vol.  i.,  p.  403),  a  fact  which  Hamilton  seems  to- 
have  forgotten,  and,  with  regard  to  his  notion  of  sending  to  Tennyson  in  return 
for  pleasure  and  benefit  derived  from  his  poetry  a  oopy  of  the  Lecturer  oft 
Quatemumsy  I  remember  discouraging  it,  on  the  ground  that  the  poet  oould 
receive  no  reciprocal  enjoyment  from  the  book,  which,  in  my  opinion,  was  of  too- 
great  importance  to  be  used  as  a  mere  token  of  homage  and  obligation.  It  may 
be  doubted  whether  my  advice,  which  Hamilton  acted  on,  was,  taking  all  things- 
into  account,  judicious ;  but  its  motive  was  what  I  have  stated,  and  if  it  was- 
mistaken,  I  have  only  to  hope  for  the  pardon  of  the  Poet  Laureate. 

From  Sib  W.  B.  HAiiiLTOir  to  R.  P.  Graves. 

<  Obsebvatobt,  July  18,  1855. 

<  My  dear  Robert  Gbavbs, — I  have  many  social  and  affectionate  debts  to- 
pay  you,  but  it  suddenly  presses  on  my  mind,  that  although  (thank  God)  I  am 
in  excellent  health  just  now,  yet  I  ought  to  put  beyond  the  chances  of  mortality 
my  written  testimony  to  the  discriminating  generosity  of  our  great  and  departed 
friend,  the  Poet  Wordsworth.  He  has  been  thought  by  some  to  have  been  un- 
willing to  allow  praise  to  other  poets — and  I  never  could  enter,  nor  pretended  to- 
enter,  into  his  criticism  on  Bums's  "Scots  wha  hae  wi'  Wallace  bled" — ^but 
you  know  that  Wordsworth  admired  and  loved  Bums,  and  could  appreciate  him, 
and  deeply  and  long  regretted  that  he  had  not  been  acquainted  with  him.  Mr.. 
Wordsworth  (we  talk  still  of  Mr.  Pope)  gave  me  a  copy  of  his  letter  on  the  sub- 
ject of  Robert  Bums,  which  expressed  no  stinted  sympathy.    Every  one  now- 
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Letter  to  PRCfFESSOR  Tait. 

T.  1858,  p.  139,  ' ...  It  is  not  fair  to  ask  my  friends  to  be 
^Bino6re  about  them  [his  sonnets].  That  they  have  many  faults  I 
very  well  know ;  and  take  a  sort  of  pride  (or  perhaps  vanity)  in 
knowing  it :  because  that  point  of  self-knowledge  appears  to  prove 
that  I  have  kept  too  good  company^  personally  and  intellectually,  to 
be  satisfied  with  any  poetical  production  of  my  own.  But  Francis 
Edgeworth — a  Cambridge  man,  although  an  Irish  one — a  younger 
brother  of  Miss  Edgeworth,  though  by  a  different  mother,  who  was 
during  his  life  a  great  friend  of  mine,  and  for  whose  memory  I 
retain  respect  and  love,  used  indeed  to  criticise,  very  sincerely^  some 
•of  my  youthful  verses;  but  wound  up  by  saying,  "After  all, 
Hamilton,  your  poetry  will  not  disgrace  you."  * 

I  will  not  here  refrain  from  stating  my  own  opinion,  strength- 
ened by  that  of  friends  specially  competent  to  judge,  that  Hamil- 
ton's poems  have,  both  in  their  diction  and  in  their  matter,  qualities 
of  enduring  value ;  that,  speaking  generally,  they  are,  and  will 
always  be  felt  to  be,  fresh,  graceful,  fervid  expressions  of  states 
of  feeling  and  thought,  interesting  in  themselves  and  possessing  a 
heightened  interest  from  their  being  the  heart's  utterances  of  a 
man  of  gigantic  mathematical  powers  and  of  strong  and  deep 


admires  Alfred  Tennyson — there  is  no  merit  now  in  praising  him :  bat  you  will 
bear  with  me  as  an  old  friend  while  I  say  that  I  have  lately  been  reading,  over 
and  oyer — for  I  do  not  pretend  to  calculate  how  many  times — the  "  Princen.^ 
I  may  indulge  the  hope,  at  moments,  that  as  I  now  read,  with  profit  and 
•delight,  the  book  of  the  great  Grecian  Mathematician,  ApoUonius  of  Perga, 
after  an  interval  of  two  thousand  years  from  its  composition,  so  my  own. 
volume  (of  which  I  should  be  happy,  if  you  thought  you  could  manage  it,  to 
present  Mr.  Tennyson  with  a  copy)  may  survive  even  several  centuries — ^nay, 
that,  as  the  earliest  work  in  its  own  department,  it  may  exist  till  books  shall  be 
no  more.  But  it  deeply  presses  on  my  reflection  how  much  wiser  a  book  is 
Tennyson's  *'PrtnceM"  than  my  ''  QwUemion*.^^  In  saying  all  this  I  feel 
that  I  only  echo  what  Wordsworth  said  to  me  while  we  were  boating  on 
Windermere  in  1830  (I  seem  to  see  the  splash  of  the  oar).  The  words  I  do  not 
presume  nor  pretend  to  repeat;  but  the  spirit  certainly  was,  that  in  Alfred 
Tennyson,  young  a  poet  as  he  then  was,  there  was  a  man  of  the  highest 
promise.  I  am,  my  dear  Robert,  your  very  old  and  very  affectionate  friend, 
William  Eowan  Hamilton.' 
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affections ;  and  a  few  of  them,  it  maj  be  added,  are  bo  happy  in 
thought  and  expression,  as  to  claim  their  place  in  the  poetry  of 
his  countiy.  As  not  irrelevant  to  this  topic,  it  is  also  to  be 
remembered  that  he  found  in  Mathematics  a  field  for  the  exercise 
of  Imagination,  and  thus  exemplified  the  connexion,  which  he  was 
in  the  habit  of  asserting,  between  the  highest  Mathematics  and 
Poetry. 

The  same  letter  to  Dr.  Hart,  from  which  I  have  just  quoted,, 
contains  a  reference  to  a  recent  correspondence  of  Hamilton's  with 
Dr.  Sahnon,  which  may  be  given  here  as  sufficiently  summing  up 
its  purport  to  render  unnecessary  any  further  mention  in  this  work 
of  that  correspondence.  The  passage  has  its  value  as  a  brief 
statement  of  steps  in  the  history  of  double  Algebra  and  Quater- 
nions. I  regret  that  the  lucid  exposition  by  which  it  is  followed, 
contrasting  the  methods  of  these  diverse  systems,  is  too  abstruse  to 
be  here  inserted.  It  is  certainly  worthy  of  reproduction  in  con- 
nexion with  the  very  valuable  letter  on  the  same  subject  to  Pro- 
fessor De  Morgan,  prompted  by  the  same  incident,  and  which  was 
written  on  the  preceding  25th  of  June : — 

' ...  In  driving  home  yesterday  I  looked  into  the  Second 
Edition  (Paris,  1861)  of  Mourey's  very  ingenious  little  work.  It 
was  lucky  that  I  could  at  once  supply  Salmon  with  a  reference  to 
the  page  of  my  Preface  to  the  Lectures,  in  which  I  had  cited  the* 
First  Edition  (Paris,  1828).  But  it  is  foolish  to  consider  any  such 
work  as  an  anticipation  of  the  quaternions.  This  brilliant  and 
patriotic  notion  occurred  lately  to  a  French  correspondent  of  our 
friend  Salmon,  who  was  so  good  as  to  send  me  the  letter  to  read. 
The  relation  is  rather  of  contrast  than  of  resemblance,  as  in  this^ 
very  note  to  you  I  partly  show.  Systems  which  interpret  +  1  dif- 
ferently cannot  have  much  in  common.  I  forget  in  what  year  it 
was  that  I  first  heard  of  Mourey ;  nor  is  it  of  the  slightest  import- 
ance. As  long  ago  as  1829  my  attention  was  called  by  John  T. 
Graves  to  the  work  of  Mr.  Warren,  published  in  Cambridge,  in 
1828,  On  the  Square  Boots  of  Negative  Quantities.  The  systems  of 
Warren  and  Mourey,  both  published  in  1828,  are  substantially  the 
same ;  though  the  Frenchman  was  livelier  and  smarter.  What  was 
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best  in  both  had  been  anticipated  in  France  by  Argand,  as  I 
•proved  in  the  Preface  above  cited ;  and  the  notion  of  an  Algebra  of 
ihe  Plane  as  connected  with  *^  tohat  we  call  ImaginarieSy^  had  certainly 
been  thrown  out  by  WalUs,  in  the  17th  century,  in  England,  as 
the  same  Preface  shows.  De  Morgan  has  since  elaborated  a  system 
of  what  tie  (I  think  happily)  calls  "  Double  Algebra,"  on  the  same 
baBts  as  others  before  him,  but  with  many  new  improvements  of  his 
own. 

^  Carrying  then  back  this  name^  I  conceive  myself  to  have  been 
Acquainted  with  Double  Algebra,  through  Warren,  from  the  year 
1829.  It  cost  me  therefore  fourteen  years  to  unlearn  that  system, 
in  order  to  pass  from  it  to  quaternions  (in  1843).  .  .  •' 

On  the  2lBt  of  August  in  this  year  Hamilton  sent  to  Mr.  Bab- 
bage  a  letter  containing  a  full  account  of  the  system  which  he  had 
invented  some  years  before*  for  correspondence  by  cipher,  and  for 
which  he  claimed  the  merit  of  being  able  successfully  to  resist  all 
attempts  at  deciphering  without  the  use  of  the  special  key.  Of 
this  letter  I  have  not  been  able  to  discover  either  draft  or  copyi 
but  a  large  chart  exists,  made  use  of  by  the  writer  in  preparing  it. 
It  seems  expedient  that  this  letter,  if  it  can  be  recovered,  should 
be  placed,  together  with  all  connected  documents,  in  the  hands  of 
fiome  fit  custodian. 

Towards  the  close  of  this  year  some  commotion  was  excited  in 
the  scientific  world  by  the  circulation,  with  a  request  for  signa- 
tures, of  a  Declaration,  the  object  of  which  was  to  meet  doubts 
thrown  by  the  votaries  of  the  Natural  Sciences  upon  the  '^  Truth 
and  Authenticity  of  Holy  Scripture  "  by  an  assertion  on  the  part  of 
Christian  men  of  Science  of  their  faith  in  the  perfect  reconcilable- 
ness  of  the  results  of  scientific  investigation  with  the  statements  of 
the  sacred  record.  Sir  John  Herschel  communicated  to  the  Athe^ 
naum  his  protest  against  this  movement  as  interfering  injuriously 
with  the  freedom  of  thought  of  scientific  men,  and  as  drawing  a 
line  of  invidious  distinction,  of  which  the  social  effects  would  be 

*  SuprOy  p.  42. 
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pemioious;  and  in  the  same  periodical  Professor  De  Morgan,  with 
powerful  logical  analysiSy  exposed  what  he  stigmatized  as  the  un- 
fairness and  sophistry  of  the  Manifesto.  Its  social  and  logical 
faults  having  been  thus  dealt  with  by  master  hands,  Hamilton, 
when  subsequently  applied  to  for  his  signature,  sought  to  give  his 
reply  to  the  application,  of  which,  equally  with  his  Mends,  he  dis- 
approved, as  compendious  a  statement  as  was  possible,  and  put 
forward  its  want  of  authority  as  his  sufficient  ground  of  refusal. 
His  letter  to  the  secretary  was  as  follows : — 

<  Obsekyaiort,  srsAs  Dttbuk, 

*  December  23f  18G4. 

'  Sir, — I  received  yesterday  a  circular,  posted  (as  it  appears) 
by  you  in  London  on  the  day  before,  in  which  I  am  requested  to 
sign  a  certain  declaration,  known  for  some  months  to  scientific 
men.  It  may  be  from  my  living  so  much  out  of  London  that  I 
am  entirely  uninformed  by  what  authority  it  is  sought  to  impose 
this  Fortieth  Article  of  Beligion :  which,  with  all  reverence  for  the 
Sacred  Scriptures,  I  must  decline  to  subscribe.  I  have  the  honour 
to  be,  sir,  your  obedient  servant.' 

It  may  be  admitted  that  the  issuing  of  the  Declaration  was  not 
ill-meant,  but  it  will  scarcely  now  be  disputed  that  the  measure 
was  ill-judged.  I  refer  the  reader,  in  a  note,  to  the  parallel  action, 
at  a  later  time,  of  one  well  entitled  to  give,  upon  this  subject,  an 
influential  opinion.*    It  is  here  sufficient  to  note  that  the  part 


*  The  deoiaion  arriyed  at  in  regard  to  this  applioation  by  Heraehel  and 
Hamilton,  men  who  were  sincere  Christians  as  well  as  eminent  in  science,  is 
-vindicated  in  what  appears  to  me  to  be  a  very  wise  view  of  the  point  in  question 
expressed  by  one  who  takes  rank  with  them  both  as  a  scientific  man  and  a 
Christian — James  Clerk  Maxwell— on  the  occasion  of  his  being  asked,  in  1876,  to 
join  the  Victoria  Institute.  I  quote  from  his  Life,  p.  404,  the  rough  draft  of 
the  commencement  of  his  reply :  '  I  do  not  think  it  my  duty  to  become  a  candi- 
date for  admission  into  the  Victoria  Institute.  Among  the  objects  of  the 
Society  are  some  of  which  I  think  very  highly.  I  think  men  of  Science,  as  well 
as  other  men,  need  to  learn  from  Christ,  and  I  think  Christians  whose  minds  are 
sdcntific  are  bound  to  study  Science,  that  their  view  of  the  gloiy  of  God  may  be 
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taken  bj  Hamilton  in  the  inoident  furnishes  additional  proof  of 
the  sturdiness  with  which  he  Talued  intelleotual  freedom,  and  was 
determined  to  assert  it  for  himself  and  his  fellow- workers  in  the 
fields  of  Science  and  Philosophy. 


as  eztemdye  as  their  being  is  capable  of.  But  I  think  that  the  results  which 
each  man  arriyes  at  in  his  attempts  to  harmonize  his  Science  with  his  Christia- 
nity ought  not  to  be  regarded  as  haying  any  significance  except  to  the  man  him- 
self, and  to  him  only  for  a  time,  and  should  not  reoeiye  the  stamp  of  a  Society. 
For  it  is  of  the  nature  of  Science,  especially  of  those  branches  of  Science  which  are- 
spreading  into  unknown  regions,  to  be  continually '  [Here  the  manuscript 

ends.] 
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CHAPTER  L. 

PROFBSSOR  CAYLEY.      HAMILTON'S  LATEST  SCIENTIFIC  WORK.     LAST 
ILLNESS.      HONOUR  FROM  AMERICA.      DEATH. 

(lS65.) 

Writing  on  the  second  day  of  this,  the  last  year  of  his  life, 
Hamilton  begins  thus  a  letter  to  his  yonnger  son : — ^It  is  a 
solemn  thing,  but  I  do  not  find  it  a  painful  one,  to  enter  on  a 
new  year'.  I  wish  y(m  many  happy  retnms.  It  was  my  hope  to 
have  gone  to  Castleknock  [to  church]  yesterday,  but  my  cough 
was  by  no  means  so  &r  gone  as  to  make  that  safe.'  These  words 
may  serve  to  indicate  the  religious  ripeness  of  his  spirit,  and  at 
the  same  time  the  shaken  state  of  his  bodUy  health,  which  from 
henceforth  had  to  contend  with  a  fatal  combination  of  gout  and 
bronchitis.  To  the  same  son,  then  serving  as  a  curate  at  Ologher, 
he  conveys  his  approbation  of  a  sonnet,  which  on  this  account,  and 
because  of  its  upward-pointing  significance,  now  specially  con- 
genial to  the  father's  thoughts  and  feelings,  I  place  in  a  note.* 


*  <  TO  A  LARK  BINaiKG  OVER  SKOW. 

Sweet  bird,  that  nigh  to  Heayen's  blue  portal  edngest 
Above  the  snow-clad  Earth,  thyself  nnseen, 
And,  free  to  roam  where  man  not  yet  hath  been, 
Sweet  hope  to  ns  from  unknown  fonntains  bringest, 
A  mild  reproach  to  me  thou  downward  flingest. 
What  share  hast  ihou  in  brighter  days  to  come  P 
This  prison  Earth  mnst  be  thy  lasting  home, 
Not  that  blue  yaolt  to  which  thon  freely  springest. 
While  thankless  I,  with  idle  hands,  sit  dnmb, 
Nor  join  the  bird's  glad  song,  the  insect's  hum ; 
While  Heayenward  my  poor  thoughts  so  seldom  rise, 
So  faintly  knock,  so  hardly  enter  there, 
ThoM  hast  the  present  entry  of  the  skies, 
Bat  /the  Koj^  that  makes  those  realms  so  fair. 

<  AscHiBALD  EEenst  KiMILIOir.' 
VOL.  III.  0 
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The  following  oorrespondenoe  is  upon  an  important  mathema- 
tical theorem  treated  of  by  Hamilton  in  articles  at  the  end  of  the 
EUmmU  of  Quaternions,  I  introduce  it  here  mainly  on  account 
of  its  personal  interest.  It  puts  on  record  Dr.  Salmon's  judgment 
of  what  we  may  call  the  poene-inf  allibility  of  Hamilton  in  mathe- 
matical calculation ;  Hamilton's  real  unwillingness  to  be  a  cor- 
recting critic  of  the  work  of  another  mathematician ;  his  anxiety 
to  do  all  justice  to  the  powers  and  attainments  of  the  great  ma- 
thematician with  whom  he  is  thus  brought  into  contact ;  his  active 
care  to  guard  the  rights  in  discovery  of  Mslc  Gullagh,  and  to  ac- 
knowledge the  anticipation  by  Mao  Cullagh  of  a  theorem  he  had 
thought  to  be  his  own;  his  expressed  obligation  to  Professor 
Jellett  for  enabling  him  to  do  this ;  his  forwardness  to  make  Mr. 
Cayley  acquainted  with  all  the  facts ;  and,  finally,  the  knightly 
disposition  of  the  latter  to  accept  the  rectification. 

The  correspondence  was  begun  by  a  letter  from  Dr.  Salmon 
(Feb.  10,  1865),  in  which  he  writes: — 

^ .  .  .  I  believe  you  know  I  am  printing  a  second  edition  of 
my  book  on  surfaces.  I  have  just  added  a  note  referring  to  your 
explanation  of  the  lines  of  curvature  through  an  umbilic  on  a 
quadric.  I  perceive  these  are  valuable  things  which  you  have 
added  to  the  theory  of  twisted  curves.  .  .  .' 

Hamilton,  in  his  reply  (Feb.  13),  after  expressing  his  gratifi- 
cation, reports,  in  an  important  paragraph,  his  position  in  his  own 
work  {Ekments  of  Qtmtemions) : — 

'  I  am  at  more  last  specimens  of  physical  applications  of  qua- 
ternions, and  am  treating  briefiy  of  Fresnel's  Wave  in  the  half- 
sheet,  6  b.  But  I  have  readi/^  in  advance,  as  another  specimen 
of  physical  optics,  an  article  on  Mac  Cullagh's  Polar  Plane :  after 
which  I  intend  to  devote  scarcely  more  than  a  page  to  quaternion  trans'- 
formations  ofBx  +  Dy  +  A*,*  and  so  to  conclude  my  applications.' 

I  have  called  this  an  important  paragraph  because,  in  oon- 

*  The  D  in  this  expression  I  suppose  to  be  the  symbol  introduoed  at  p.  710 
of  the  Elements  of  QtMUrnions* 
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nexion  with  what  appears  in  his  latest  manusooript  books,  and  in 
the  final  pages  of  the  Elements  as  published,  it  proves  that  the 
last  article  in  the  book — that  on  the  Polar  Plane — was  oompleted 
long  before  the  article  upon  FresneFs  Wave,  which  precedes  it, 
and  upon  which  he  continued  to  be  engaged  in  the  month  pre- 
ceding his  death ;  and  because  we  learn  from  the  clause  which  I 
have  italicised,  what  was  the  one  remaining,  but  unpublished, 
physical  application  of  quaternions,  with  which  he  would  have 
completed  this  series  of  illustrations  of  his  calculus,  before  winding 
up,  by  general  concluding  remarks,*  his  laborious  and  gigantic 
treatise.  Immediately  after  the  passage  I  have  just  quoted,  he 
proceeds : — 

'  It  was  only  last  month  that  I  was  led  to  read  Mr.  Cayley's 
Paper  in  the  Proceedings  of  our  Academy,  nor  is  the  number  be- 
side me  at  this  moment ;  but  of  course  you  can  easily  lay  your 
hand  on  it,  especially  as  you  read  the  Paper  for  Mr.  Gayley. 

^  My  analysis  does  not  confirm  his  enunciation  of  the  ''  Prin- 
ciple of  Equivalent  Moments ;"  and  I  have  been  wL3hing  to  ask 
you  two  things : 

*  I.  Was  that  principle  or  property  enunciated  by  Mac  Oullagh 
himself^  or  was  it  deduced  by  Mr.  Cayley  from  his  principles  P 

*'  II.  Has  Mr.  Cayley  ever  modified  his  enunciation  of  it  since 
the  reading  of  the  Paper  P 

'I  found  that  the  reflected  vibration  should  be  considered  as 
at  the  end  of  the  reflected  ray  in  the  air;  Mr.  G.  places  it  at  the 
end  of  dk  prolongation  of  that  ray  in  the  crystal.  This  does  not  at 
all  touch  the  mathematical  merit  of  the  Paper ;  but  it  would  make 
the  greatest  difierence  physically,  in  any  consequences  to  be  drawn 
respecting  planes  of  polarization,  &c.  Li  short,  I  express  the  prin- 
ciple by  an  equation  of  three  terms,  and  differ  from  Cayley  by  the 
sign  of  one  of  them.' 

Dr.  Salmon,  in  his  reply  (Feb.  24,  1865),  writes : — 

' .  .  .  I  have  forgotten  all  about  the  polar  plane.  I  was  writ- 
ing to  Cayley,  and  sent  him  on  your  criticism.     I  happened  to 

*  See  Elements,  pp.  xiii.,  495,  496. 

02 
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mention  to  a  friend  yesterday,  as  an  illustration  of  the  amount  of 
my  faith  in  you,  "  Sir  William  Hamilton  writes  me  word  that 
there  is  an  error  in  a  result  of  Cayley's,  and  though  he  expresses 
himself  with  all  possible  modesty  as  to  the  possibility  of  there 
being  an  error  or  misconception  on  his  side,  still,  without  knowing 
anything  more,  I  believe  firmly  that  there  is  an  error  as  he  alleges. 
And  if  Sir  William  were  to  tell  me  that  a  demonstration  of  my 
own  was  erroneous,  I  fear  I  should  have  no  firm  faith  in  any  de« 
monstration  of  mine  till  his  objection  was  withdrawn." ' 

On  the  4th  of  March,  Hamilton  to  Salmon  continues  thus : — 

^  I  assure  you  that  it  is  with  great  regret  I  find  myself  differ- 
ing in  any  point  from  Mr.  Cayley,  my  admiration  for  whom  has 
certainly  sustained  no  diminution  since  I  published,  in  1847,  my 
**  First  Series  of  Besearches  respecting  Quaternions,"  in  vol.  xxi. 
part  ii.  of  the  Tranmctiom  of  our  Academy.  In  the  last  page  of 
Note  A,  at  the  end  of  that  Series  or  Essay,  I  expressed  myself  as 
follows  (with  respect  to  an  early  application  by  Mr.  Cayley  of 
Quaternions  to  the  rotation  of  a  solid  body) :  ^'  That  important 
application  of  the  author's  principles  had  indeed  occurred  to  him- 
self previously ;  but  he  was  happy  to  see  it  handled  by  one  so  well 
versed  as  Mr.  Cayley  is  in  the  theory  of  such  rotation,  and  pos- 
sessing such  entire  command  of  the  resources  of  algebra  and  of 
geometry."  Nevertheless,  having  gone  over  my  calculations  again, 
and  with  great  care,  during  the  last  few  days,  I  cannot  noto  feel 
any  doubt  of  the  existence  of  an  oversight  in  the  Paper  which  I 
mentioned  last  month.  It  was  read  by  you  (I  remember  that  I 
could  not  attend  that  evening)  on  the  23rd  of  February,  1857,  for 
Mr.  Cayley,  and  is  printed  in  vol.  vi.  part  iv.  of  the  Proceedings 
of  the  Boyal  Irish  Academy.  I  believe  that  I  told  you  that  I 
found  the  spherical  trigonometry  to  be  all  rights  when  reading  the 
Paper  for  the  first  time  in  January  last,  but  that  I  objected  to 
the  sign  of  the  moment  of  the  reflected  vibration^  as  given  in  page 
491  of  the  Part  above  cited.  Becent  calculations  confirm  this 
result ;  but  they  go  much  further,  for  they  show  that  when  the 
reflected  vibration  is  placed  at  the  end  of  the  reflected  ray  in  air, 
the  "  Principle  of  Equivalent  Moments  "  holds  good  for  every  aans 
which  is  parallel  to  the  face  of  the  crystal,* 

Not  having  gained  from  Dr.  Salmon  the  historical  informatioii 
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for  which  he  sought,  he  turned,  on  the  6th  of  March,  to  Professor 
Jellett : — 

^  If  you  have  received  certain  proof-sheets,  which  I  indulged 
myself  by  sending  to  you  recently,  and  if  you  will  turn  to  the  note 
at  the  foot  of  page  736,  you  will  see  that  I  have  announced  an 
intention  of  deducing,  by  quaternions,  MacCullagh's  "  Theorem  of 
the  Polar  Plane:''  and  in  fact  I  have  to-day  made  up  for  the 
printers,  and  am  now  sending  to  the  post,  my  '^  Series  423,''  in 
which  that  deduction  is  given,  with  what  seems  to  tiie  great 
simplicity.  But  as  I  have  also  sketched  a  short  addition  to  the 
SerieSy  which  I  am  Ukely  to  send  to-morrow,  though  it  cannot  well 
be  in  type  this  week,  and  which  contains  what  appears  to  me  a 
fiew  theorem  of  physical  optics — the  principles  of  Mac  OuUagh  and 
Neumann  being  used  in  the  quaternion  deduction — I  am  anxious 
to  consult  you  on  the  few  following  points : — 

*  I.  Was  the  principle  or  property,  called  by  Mr.  Cay  ley  the 
Principle  of  Equivalent  Moments  [Proceedings^  R.  I.  A.,  vol.  vi. 
p.  481,  &c.],  a  deduction  of  Mr,  Cayley^s  oum  from  Mac  Cullagh's 
principles,  by  him  referred  to  P 

'  n.  Or  had  the  *' principle  of  equivalent  moments,"  as  enunci- 
ated by  Mr.  Cayley,  been  actually  deduced  hy  Mac  Cullagh  himself 
(Mr.  Gayley's  modest  tone  suggests  the  latter  alternative,  but  I  do 
not  know  where  to  find  any  statement  by  Mac  Cullagh  on  the 
subject)  ? 

'  HI.  Have  youy  since,  either  confirmed  or  corrected  tiie  enimcia- 
tion  of  the  principle  in  question  (given  at  p.  489  of  the  Paper)  P 

'  lY.  If  not,  do  you  know  of  anyone  else  having  done  either  ? 
For  agreement  with  my  "  Theorem  (or  Principle  P)  of  the  Resultant 
Couple" — rather  recently  arrived  at — the  enunciation  requires  to 
be  corrected  by  what  amounts  to  a  change  of  sign  of  the  reflected 
pibration  ;  or  better,  by  considering  the  reflected  ray  in  air,  and  not 
its  prolongation  in  the  ciystal. 

*  But  even  after  this  correction — ^which  f aUs  chiefly  on  the  sign 
of  the  momenty  given  at  top  of  page  491 — the  principle  treated  of 
by  Mr.  Cayley  is  only  a  very  particular  case  of  my  new  theorem, 
above  referred  to,  of  which  I  shall  be  happy  to  send  you  the 
statement,  translated  from  the  new  quaternion  formula." 
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Professor  Jellett's  reply,  dated  Maroh  9,  was  as  follows : — 

'The  principle  of  the  equivalenoe  of  moments  is  expressly 
stated  by  MaoCullagh  as  a  psurt  of  the  general  theorem  by  which 
he  solved  the  problem  of  crystallized  reflexion  and  refraction. 
Tou  will  find  it  in  the  twenty-first  vol.  of  the  TramactionSf  pp. 
41-2. 

'  I  confess  that  my  interest  in  his  whole  theory  has  been  much 
lessened  by  the  discoveries  of  Jamin,  which  show  that  the  theory 
can  at  best  be  accepted  as  only  approximate,  and  in  certain  cases 
not  even  that. 

'I  have  not  paid  any  attention  to  the  subject— at  least  to 
MacCullagh's  mode  of  handling  it — for  some  time,  and  must 
therefore  answer  III.  and  lY.  in  the  negative. 

*  But  I  am  not  quite  sure  whether  the  verification  you  speak  of 
be  or  be  not  experimental.' 

As  his  winding  up  of  the  correspondence  Hamilton  transmitted 
through  Professor  Jellett  to  Dr.  Salmon,  and  through  the  latter 
to  Professor  Cayley,  a  manuscript-sheet  containing  a  transcript  of 
the  last  printed  sub-article  in  the  text,  viz.  (12),  and  the  two  notes 
appended  on  pages  761  and  762,  of  the  Eletnenta  of  Quatemxona. 
In  the  second  of  these  notes  he  refers  to  Mr.  Cayley's  "  very  clear 
and  able  Memoir,"  and  after  mentioning  the  '^  slight  inadvertence 
in  a  Paper  of  such  interest  and  value,"  repeats  his  '^  admiration 
(long  since  publicly  expressed  by  him)  which  is  due  to  the  vast 
attainments  of  a  mathematician  so  eminent  as  Professor  Cayley." 
To  this  transcript  was  added,  with  the  date  March  13,  1865,  the 
following  note  addressed  to  Dr.  Salmon : — 

*  I  hope  that  I  shall  be  considered  as  not  deficient  in  courtesy 
to  Mr.  Cayley,  to  whom,  if  you  choose,  you  can  forward  this  sheet. 
A  letter  received  this  morning  from  Jellett  has  given  me  a  most 
useful  reference  to  a  later  Paper  by  Mac  Cullagh,  in  which  I  find 
myself  supported,  but  of  course  anticipated,  in  what  I  had  thought 
my  own  "  Theorem  of  the  Eesultant  Couple."  So  if  I  differ  from 
yLr.  Cayley  I  have  Mac  Cullagh  on  my  side.  My  investigation 
was  naturally  quatemionic  throughout ;  and  I  have  not  cancelled 
any  part  of  it,  but  merely  made  an  Addition^  as  above,  to  the  last 
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note  of  the  series  (423),  which  had  abread  j  been  sent  to  the  printers, 
bat  "will  scaroelj  reach  me  in  type  before  next  week/ 

The  sheet  was  transmitted  by  Dr.  Salmon  to  Professor  Cayley, 
by  whom  it  was  thus  acknowledged  in  a  letter  addressed  directly 
to  Hamilton : — 

<  Cahbbidoe,  Ayrxl  3,  1865. 

'  I  return  with  thanks  the  enclosed  Paper,  forwarded  to  me  by 
Dr.  Salmon.  I  can  have  no  possible  objection  to  the  publication 
of  it.  I  do  not  understand  you  to  say  that  there  is  any  error 
of  sign  in  my  theorem  (2),  but  it  is  very  probable  that  the  true 
interpretation  of  this  in  reference  to  Mac  Cullagh's  theory  should 
have  been 

-  m QosBUanNUE  +  JTY' cos  iT'ZT"' sin  NU''R' 

cos  WKemNE 

-  instead  of  +  in  the  first  term,  and  that  in  consequence  I  have 
wrongly  enunciated  the  Principle  of  Equivalent  Moments.  I  am 
not  able  to  put  myself  back  into  the  question  to  see  that  this  is  so, 
nor  do  I  remember  where  my  enunciation  of  the  principle  was 
taken  from :  I  did  not  attend  to  the  theorem  otherwise  than  in  a 
geometrical  point  of  view,  and  was  satisfied  by  obtaining  the 
theorem  (2)  as  a  theorem  in  pure  geometry,  the  interpretation  of 
which  shoidd  be  the  principle  in  question.  I  am  therefore  quite 
wHliDg  to  admit  that  your  correction  is  right.' 

The  transcript,  above  mentioned,  contains  the  whole  of  the 
oonduding  pages,  from  p.  760  (12)  of  the  ElemenU  of  Quaternions^ 
with  the  exception  of  the  short  sentence  with  which  the  last  note 
concludes.  This  addition  was  founded  upon  the  information 
which  Professor  Jellett's  letter  imparted.  It  is  to  be  regretted 
that  in  preparing  the  manuscript  for  the  press  the  latest  form  of 
this  sentence  was  overlooked,  as  well  as  important  following 
clauses,  the  main  object  of  which  was  to  obviate  a  possible  in- 
ference from  it  to  the  disadvantage  of  Mac  Cullagh.  The  passage, 
as  finally  settled,  runs  thus : — * 


*See  Manosoript  Book  D.  1864,  p.  117. 
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^The  writer  understands  that  subsequent  experiments  by 
Jamin  and  others  are  considered  to  diminish  ihe  physical  value  of 
the  theory  above  discussed.  But  this  neither  detracts  on  the  one 
side  from  the  great  intellectual  and  physical  genius  of  Mao  Cullagh, 
nor  renders  inappropriate  on  the  other  side,  for  the  purposes  of  the 
present  work,  the  recent  pendant  to  the  quaternion  expression  of 
PresneFs  earlier  yiews/  * 

It  is  right  I  should  here  note  that  in  the  autumn  of  1864 
Hamilton  commenced  a  series  of  memoirs  characterized  by  the 
use  of  determinants,  which  was  carried  on  far  into  this  the  last 
year  of  his  life.f 

On  the  24th  of  March — a  date  elsewhere}  assigned  for  another 
piece  of  work — ^Hamilton  received  a  letter  from  Dr.  Charles  Graves, 
at  this  time  Senior  Fellow  of  Trinity  College,  and  Dean  of  the 
Chapel  Boyal,  on  the  subject  of  Binomial  Co-efficients.  Dean 
Graves  wrote : — 

*  You  know  that  the  sums  of  the  alternate  coefficients  in  the 
binomial  development  are  equal.  .  .  .  But  is  the  corresponding 
theorem  known  respecting  the  three  sums  obtained  by  taking 
every  third  term  in  the  series 

^'  **'     1.2    '  TXsi       '  ^'^ 

You  will  find  that  two  of  these  are  equal  and  the  third  differs 
from  them  by  unity.   The  more  general  theorems  are  less  elegant.' 

On  the  very  day  of  the  receipt  of  this  inquiry  Hamilton 
replied : — 

^  Your  stated  theorem  was  quite  new  to  me ;  I  need  not  say 
that  the  suggested  theorems  were  also  unknown.    But  I  have  this 


*  See  Appendix  for  additions  to  Contents  of  Elements  qf  Quaternions, 
t  See  Manuscript  Book  £.,  1804,  pp.  11  .  . .  40,  101  .. .  116, 117, 119. 
A  prScis  of  these  memoirs  is  given  in  the  Appendix. 

}  See  Appendix :  *  Memoirs  in  which  Determinants  are  used.' 
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monuBg  had  the  pleasiire  of  proving  the  theorem  which  you  enun- 
ciated by  assigning  general  expressions  for  the  three  separate  mms 

to  which  it  refers.    And  I  think  that  the  analysis  (by  imaginaries 

and  determinants)  which  I  employed  ought  to  extend  to  sets  of 

four  coe£Gicients/  &c. 

On  the  next  day  he  sends  his  proof  of  his  friend's  theorem, 
and  on  the  1st  of  April  a  generalisation,  embracing  all  similar 
theorems.  Dean  Graves's  theorem  and  proof,  and  Hamilton's 
generiilisation,  were  subsequently  communicated  to  the  Boyal 
Irish  Academy,  and  may  be  found  printed  in  its  Proceedings  for 
the  meeting  of  June  26th,  1865.  In  the  same  number  of  the 
Proceedings  is  contained  Hamilton's  last  addition  to  his  long 
list  of  contributions  to  the  scientific  memoirs  published  by  the 
Academy,  of  which  he  had  been  a  member  almost  from  his 
boyhood.  It  is  entitled  *0n  a  New  System  of  Two  General 
Equations  of  Curvature  ...  all  deduced  from  Gauss's  2nd  method 
in  his  Disquisitionea  generates  circa  Superficies  Curms^  and  has 
appended  to  it  ^  Three  Verifications  of  Measure  of  Curvature.'  * 

Soon,  however,  Hamilton's  wonderful  activity  of  intellect,  up 
to  this  time  manifested  uninterruptedly  both  in  the  carrying  for- 
ward towards  completion  of  the  Elements  of  Quaternions^  and  in 
digressive  exerdtations  suggested  by  sympathy  in  the  work  of 
friends,  was  brought  to  a  pause  by  a  severe  attack  of  the  illness 
from  which  no  entire  recovery  was  granted  to  him. 

*  This  Paper  is  additional  to  his  treatment  of  the  subject  published  in  the 
JEUmentgf  §§  412,  413,  and  indeed  is  in  continuation  of  a  very  extensive  inves- 
tigation commenced  on  the  11th  of  January,  1864,  and  carried  on  at  various  dates 
up  to  April  25,  1864,  as  recorded  in  two  folio  manuscript-books  (1864,  No.  1, 
and  1864,  No.  4),  with  the  titles  following: — *  Lines  of  Curvature  and  Curvatures 
of  Surfaces,  partly  by  Cluatemions,  partly  by  the  methods  of  Monge  and  Dupin,' 
38  pages,  130  articles.  '  Gauss's  Measure  of  Curvature  of  a  Surface,'  2  pages, 
11  articles.  '  Intersections  of  Normals  to  Quadrics,'  74  pages,  262  articles. 
^  Correspondence  with  Dr.  Hart,'  13  pages.  A  third  similar  folio  manuscript 
book  (48  pages,  224  articles)  is  filled  by  an  investigation,  both  by  determinants 
and  quaternions,  of  the  '  Locus  of  the  Yertez  of  a  Quadric  Cone  having  Six- 
point  contact  with  a  Curve  in  Space,'  with  successive  dates  of  work  from  Feb- 
ruary 1,  1864,  to  August  7,  1864. 
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On  the  26th  of  April,  1865,  we  find  him  thus  writing  to  a 
friend : — 

^ ...  It  is  very  kind  of  you  to  inquire  about  my  health  and 
spirits,  and  to  tell  me  something  of  your  own.  li^e  have  not 
been  good  for  (I  may  say)  some  year%  past;  but  I  am  working 
away  as  usual.  So  muoh  work  produces  naturally  fatigue :  in 
fact,  it  has  injured  my  constitution,  at  least  for  the  present ;  and 
it  is  not  particularly  conducive  to  good  spirits  to  find  that  I  have 
been  running  up  what  is  (for  my  purse)  a  rather  heavy  bill  with 
my  printer.*  But  I  have  many  blessings,  and  do  not  wish  to  be 
considered  as  a  grumbler.  .  .  .' 

On  the  9th  of  May,  Hamilton  was  in  Dublin  for  the  last  time. 
On  that  day  was  opened  the  International  Exhibition  held  in  the 
Building  now  occupied  by  the  Royal  University  of  Ireland.  It 
excited  great  interest  in  Hamilton :  so  much  so  that  he  declared 
his  intention  of  coming  in  frequently  to  study  its  contents.    But 

*  In  reference  to  this  subject  I  grieve  to  say  that  it  remained  a  weight 
upon  his  spirits  up  to  the  day  of  his  death.  On  the  SOth  of  May,  1865,  the 
University  Printer  sent  him  an  acoount,  showing  that  the  cost  of  paper  and 
printing  of  the  Elements  of  Qtiatemions,  up  to  that  date,  was  £395  12s.  Id, 
Towards  the  discharge  of  this  sum  £200  had  been  paid — £150  by  the  Bursar 
of  Trinity  College,  and  £50  from  Hamilton's  private  purse — thus  leaving  a 
balance  against  the  still  uncompleted  book  of  £195  12«.  Id,  There  remained, 
however,  £50  still  unexpended  from  College  grants  already  sanctioned,  so  tl^at 
£145  was  the  sum  still  chargeable  against  Hamilton  for  the  past ;  and  to  this 
an  addition  would  have  to  be  made  on  account  of  work  subsequent  to  May  30. 
After  his  death,  the  Board  of  Trinity  CoUege  liberally  paid  the  above  balance, 
together  with  the  accrued  addition  just  mentioned,  and  had  then  to  defray 
the  expense  of  binding,  advertising,  &o.  The  whole  expense  of  printing  and 
publishing  amounted  to  close  upon  £500 ;  and  as  the  impression  consisted  of 
only  500  copies,  many  of  which  were  presented  to  men  of  science,  and  scienti£o 
bodies — although  the  book  was  soon  out  of  print — no  profit  could  have  resulted 
from  its  publication  at  the  price  of  £1.  I  understand  that  so  high  a  sum  as 
£5  has  been  given  at  a  public  sale  for  a  single  copy.  For  verification  of  these 
details  I  refer  to  Manuscript  Book  H,  1865,  pp.  25-28.  It  contains  the  copy 
of  a  letter  from  Hamilton  to  the  Bursar  of  Trinity  College,  stating  the  above 
facts,  and  dated  August  22,  1865 — a  date  less  than  a  fortnight  distant  from  his 
death.  One  clause  in  this  letter  was,  '  You  will  see  that  I  have  already  paid 
him  [the  University  Printer]  Fifty  Pounds  of  my  own  money — a  not  very 
pleasant  operation.' 
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this  was  not  to  be.  An  attack  of  aoute  gout  in  the  lower  limba 
rendered  it  neoessaiy  for  him  to  summon,  on  the  13th  of  May,  the 
aid  of  Dr.  Wjse,  who  continued  to  be  in  aknost  daily  attendance 
for  the  remainder  of  the  month,  and  who,  as  Hamilton's  daughter 
records,  was  greatly  struck  by  his  patience  under  unusually  severe 
suffering.  It  would  seem  that  on  the  first  three  days  of  June  he 
was  apparently  better,  for  the  physician's  visits  were  discontinued ; 
but  on  the  4th,  alarming  symptoms  were  manifested,  and  Dr. 
Stokes  had  to  be  sent  for.  The  measures  adopted  were  not  suf* 
ficient  to  ward  off  an  aggravated  seizure  on  the  following  day, 
which  took  the  form  of  epileptic  convulsions.  These  were  most 
severe,  threatening  immediate  and  mortal  collapse.  They  were, 
however,  under  the  direction  of  Dr.  Stokes,  at  length  subdued^ 
leaving  his  strength  finally  shattered,  and  his  mental  powers  for  a 
time  disabled.  Before  the  end  of  the  month  he  was  again  at  work 
at  his  book,  and  corrected  for  the  press  his  Papers  for  the  Proceed'- 
ings  of  the  Academy ;  but  soon  bronchitis  supervened,  and,  with 
other  ailments,  led  on  to  the  inevitable  dose. 

It  should  not  be  here  omitted  that,  during  the  continuance  of 
this  alarming  and  disabling  illness,  Hamilton  and  his  family  re- 
ceived from  their  neighbours,  Mr.  and  Miss  Bathbome,  practical 
and  effective  sympathy  of  the  most  valuable  kind.  The  two  sisters 
of  Lady  Hamilton  had  before  this  time  passed  away.*  Scripples« 
town  was  now  occupied  by  new  inhabitants,  but  Dunsinea  was 
still  a  family  possession ;  and  Mr.  John  G-amett  Bathbome  sue- 
oeeding  to  his  father,  Mr.  Henry  Bathbome,  proved  always  an 
attentive  and  attached  neighbour  to  his  aunt  and  her  husband. 
His  sister,  Eate  Bathbome,  was  the  niece  to  whom,  in  the  days  of 
her  opening  beauty,  Hamilton  had  addressed  verses,  printed  in  the 
second  volume  of  this  work.t  Her  intelligence  and  character  de- 
veloped with  her  years,  and  she  became  to  her  uncle  a  favourite 
relative,  regarded  by  him  with  constant  interest  and  affection. 

It  was  just  at  this  crisis  that  a  letter  reached  him  from  across 

•  See  vol.  ii.,  p.  2.  t  See  vol.  ii.,  pp.  61,  273. 
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the  Atlantic,  which  shed  brightness  over  his  declinci  and  made 
him  feel  that,  whatever  might  be  the  issue  of  his  illness,  his  early 
•dream  of  world-wide  recognition  was  reaUsed.  It  is  remarkable 
that  the  land  which  first  from  a  distance  hailed  with  generous 
encouragement  the  beginning  of  his  brilliant  career  was  now  to 
oonfer  upon  him  a  final  crown  of  honour.  When  he  was  only 
twenty-seven,  he  received  a  diploma  constituting  him  a  Fellow 
of  the  American  Academy  of  Arts  and  Sciences  ;*  now,  when  con- 
cluding his  sixtieth  year,  and  battling  with  mortal  disease,  he 
receives  from  the  same  great  country  the  highest  scientific  honour 
in  their  power  to  bestow.  It  was  after  the  tremendous  conflict  of 
North  and  South  was  ended,  and  both  divisions  of  the  continent 
had  been  by  it  welded  into  one  nation,  that  the  first  truly  national 
Academy  of  Science  in  America  was  formed.  One  of  its  earliest 
•duties  was  to  draw  up  a  list  of  the  most  eminent  scientific  men 
throughout  the  world,  upon  whom  the  honour  of  Foreign  Associate 
should  be  conferred.  A  discussion  took  place  as  to  what  name 
should  be  first  on  this  list,  and  by  a  two-thirds  majority  it  was 
decided  that  that  place  should  be  occupied  by  the  name  of  William 
Bowan  Hamilton.  I  give  the  letters  of  Mr.  Gould,  containing 
the  details.  I  am  sure  that  to  the  scientific  chiefs  of  that  noble 
nation  it  must  be  ever  a  deep  gratification  that  the  act  of  their 
Academy  was  in  time  to  be  welcomed  by  the  dying  mathematician, 
and  they  will  learn  with  interest  that  the  last  letter  written  by  him 
was  in  acknowledgment  of  it.  It  will  be  seen,  indeed,  that  this 
letter,  written  only  a  week  before  his  death,  was  a  very  inadequate 
acknowledgment  of  the  distinction  he  had  received ;  but  it  was  all 
his  failing  powers  were  capable  of,  and  it  intimated  his  intention 
of  more  fully  expressing  his  feelings.  A  previous  letter  to  Dr. 
Hart  shows  that  those  feelings  were  more  than  feelings  of  mere 
gratitude :  that  he  was  deeply  impressed  by  the  honour.  Dr. 
Salmon's  letter,  which  I  subjoin,  must  have  afforded  him  addi- 
tional gratification,  as  expressing  personal  sympathy,  participated 

*  See  Yol.  i.,  p.  610. 
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by  many  soientifio  and  private  friends,  and  the  distinguished 
writer's  sense  of  the  honour  reflected  on  the  XTniversity  of  Dublin. 

From  B.  A.  Gould  to  Sir  W.  R.  Hamilton. 

<  Caubiudgb,  Massachtjseits,  May  17,  t865. 

'Dear  Sir — ^In  the  absence  of  Professor  Agassiz  from  the 
oountiy,  the  agreeable  duty  devolves  upon  me  of  announcing  to 
you  that  the  National  Academy  of  Sciences,  established  by  the 
TTnited  States  on  the  3rd  of  March,  1863,  elected  you,  on  the  9th 
of  January  following,  first  on  the  list  of  its  Foreign  Associates^ 
now  fifteen  in  number. 

'  As  no  reply  has  been  received  to  the  notification  directed  by 
the  Academy  a  year  ago,  it  is  feared  that  it  may  have  failed  to- 
reach  you ;  and  I  therefore  have  the  honour  of  addressing  to  you 
this  duplicate  announcement.  A  diploma  will  be  transmitted 
hereafter. 

'  The  annual  Reports  to  Congress  for  1863  and  1864,  and  the 
Academy's  Annual  for  1865,  are  this  day  sent  you  through  the 
Smithsonian  Institution. 

'  Allow  me  to  add  the  expression  of  my  personal  gratification 
at  the  honour  which  the  Academy  has  done  itself  in  placing  your 
name  at  the  head  of  its  foreign  list,  and  of  our  hope  for  your 
cordial  sympathy  with  our  efforts  to  organize  now,  for  the  first 
time,  a  National  Academy  in  the  TTnited  States. 

'  I  am,  my  dear  sir,  very  respectfuUy  youre, 

*  B.  A.  Gould, 
^Foreign  Secretary  pro  tem^ 

From  the  Same  to  the  Same. 

*  Cambsidge,  Massachusetts,  May  20, 1865. 

*Mt  dear  Sir — In  August  or  September  next  it  will  have 
been  twenty  years  since — within  ten  days  after  first  setting  foot 
on  European  soil — I  found  my  way  to  you,  and  was  received  with 
a  cordial  welcome  and  kind  hospitality,  which  might  well  have 
gratified  a  man  of  established  scientific  fame,  instead  of  a  youngster 
under  twenty,  who  had  never  seen  much  of  the  world  on  this  side^ 
or  any  of  it  on  your  side  the  Atlantic. 
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^  I  cannot  tell  how  often  my  memory  has  reverted  since  then 
to  your  beautiful  park  and  your  pleasant  house  and  cordial 
greeting,  and  hoped  that  it  might  yet  be  my  good  fortune  to  pay 
my  respects  to  you  once  more.  The  lapse  of  time  seems,  however, 
to  make  it  more  difficult  with  each  successive  year  to  leave  the 
various  duties  which  seem  to  bind  us  closer  and  closer  to  our 
homes  and  domestic  routine  of  duties,  and  it  is  doubtful  whether 
I  may  ever  have  the  hoped-for  gratification. 

'But  I  cannot  resist  the  impulse  to  send  these  few  lines  while 
waiting  the  accompanying  official  document,  and  to  express  my 
hope  for  the  long  continuance  of  your  health  and  scientific  activity. 

'  Our  new  Academy  is  the  first  national  or  governmental  insti- 
tution we  have  ever  had  in  the  United  States.  All  other  scientific 
eocieties  have  been  purely  voluntary  associations.  This  one  was 
founded  in  the  midst  of  the  severest  trials  to  which  a  nation  was 
«ver  subjected  without  destruction ;  and  it  is  not  the  least  of  our 
sources  of  pride  and  hopefulness  in  its  behalf,  that  it  dates  from 
such  an  epoch  and  crisis  in  our  country's  existence.  You  can 
easily  imagine  that  the  difficulties  to  be  overcome  in  the  United 
States  are  very  different,  as  well  as  very  much  more  serious,  than 
those  which  would  be  encountered  in  an  older  country  or  in  one 
whose  form  of  government  gave  the  chief  power  to  the  most  culti- 
vated and  highly  educated  class.  It  is  to  the  representatives  of 
the  people  that  we  miist  look  for  support  and  aid ;  and  these  are, 
in  general,  just  what  their  name  indicates — ^representatives  of  the 
people,  neither  better  nor  worse  than  the  average.  But  as  they 
all  mean  to  do  in  these  matters  what  is  best  for  the  whole  country, 
it  is  only  needful  to  convince  them  of  what  is  requisite,  though  this 
is  not  always  an  easy  matter. 

'  In  January,  1864,  the  Academy  voted  to  elect  ten  Foreign 
Associates,  and  accordingly  twenty  names  were  agreed  on ;  after 
which  the  discussion  turned,  not  on  the  election  or  non-election  of 
any  one  of  them,  but  upon  the  order  in  which  they  should  be 
inscribed  upon  the  rolls.  It  was  soon  narrowed  down  into  a  dis- 
cussion as  to  whether  your  name  or  that  of  Professor  von  Baer,  of 
St.  Petersburgh,  should  head  our  list ;  and  the  Academy  finally 
decided  the  question  by  a  vote  of  two-thirds  against  one.  Whether 
the  notifications  then  sent  by  Professor  Agassiz  were  lost  or  mis- 
laid, or  suffered  shipwreck,  we  cannot  learn.    But  they  have  none 
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of  them  apparently  reaohed  their  destination :  certainly  no  re- 
sponses have  been  reoeivedy  and  Professors  Argelander,  Milne- 
Edwards,  and  Brown  have  certainly  not  received  those  sent  to 
them.    Therefore  they  are  all  sent  anew  by  the  present  maiL 

^  Please  accept  my  sincere  respects  and  best  wishes  for  your 
continued  health  and  usefulness,  and  believe  me,  my  dear  sir,  ever 
most  faithfully  yours/ 

From  Sir  W.  R.  Hamilton  to  A.  S.  Hart,  ll.d.,  s.p.t.c.d. 

<  Obseryatoet,  June  13,  1865. 

^  My  dear  Dr.  Hart — It  was  not  imtil  to-day  that  I  read  an 
official  letter  from  America,  which  reached  me  more  than  a  week 
ago,  and  which  I  now  enclose  for  your  perusal,  and,  if  you  think 
that  it  could  interest  them,  for  that  of  the  Board  also.  To  have 
been  elected  last  year  out  of  the  whole  world  by  the  new  National 
Academy  of  America,  and,  as  a  private  letter  informs  me,  by  a 
majority  of  two  to  one,  HliQ  first  of  its  Foreign  Associates  appears 
to  me  so  surprising  a  thing,  that  I  might  be  apt  to  treat  it  as 
incredible,  if  I  had  not  been  long  acquainted  with  the  writer  of 
the  communication. 

^To  the  indulgence  of  my  College  patrons  the  result  may 
appear  less  extravagant  than  to  myself.  I  shall  wish  to  have  the 
letter  returned  at  your  convenience. 

^  I  have  still  papers  connected  with  my  book  to  enclose  to  you, 
but  for  the  moment  can  only  subscribe  myself,  dear  Dr.  Hart,  very 
truly  yours. 

*  P.S. — ^I  am  considered  to  be  slowly  recovering,  and  am  able 
to  work  a  little.' 

From  GboRGE  Salmon,  d.d.  to  Sir  W.  B.  Hamilton. 

'  T.  C.  D.,  June  16, 1865. 

*  My  dear  Sir  William — I  have  heard  with  very  great  plea- 
sure of  the  honour  done  you,  and  through  you  to  our  University, 
by  the  National  Academy  of  America.  I  am  the  less  surprised, 
however,  as  I  had  heard  some  years  ago  from  Professor  Peiroe  of 
the  extent  to  which  your  Lectures  on  Quaternions  circulated  and 
were  appreciated  in  America. 
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'  If  this  day  week  (Thursday)  should  be  fine,  I  should  like  to 
go  out  to  see  you.  As,  however,  I  only  intended  a  friendly  visit 
of  inquiry,  do  not  have  the  least  scruple  in  telling  me  if,  when  the 
time  oomes  nearer,  you  do  not  feel  yourself  quite  equal  to  reoeiving 
visitors.  If  you  were  living  in  town  we  should,  no  doubt,  all  be 
oalling  every  day  to  ask  how  you  were  going  on.  But,  as  you  are 
not  so  aocessible,  it  is  natural  to  prefer  to  make  my  inquiries  by 
letter,  unless  there  is  a  hope  of  seeing  you.  I  remain  very  sin- 
cerely yours.' 

From  Sir  W.  E.  Hamilton  to  B.  A.  Gould. 

[from  a  copy.] 

'  Obsbrtaiobt,  A\igu$i  24, 1865. 

'  Mt  dear  Mr.  Gould — I  have  been  prevented  by  illness  from 
writing  sooner  to  acknowledge  the  high  compliment  paid  to  me 
lately  in  America,  and  announced  in  your  letter.  I  am  anxious 
not  to  let  another  post  pass  without  doing  so,  and  shall  write 
afterwards  more  fully.    I  am,  &o.' 

On  the  16th  of  July  I  went  out  to  the  Observatory  to  visit  my 
old  friend.  I  had  not  seen  him  since  the  4th  of  May.  I  had 
heard  of  his  being  present  at  the  opening  of  the  International 
Exhibition,  but  the  tidings  of  his  severe  illness  was  slow  in  reaching 
me.  A  false  rumour,  indeed,  of  his  having  been  again  in  town  led 
me  to  invite  him  to  meet  my  brother-in-law,  Leopold  von  Banke 
(then  in  Dublin  to  receive  from  our  University  an  honorary 
degree).  The  contents  of  his  reply,  written  ^before  daybreak' 
on  July  4,  and  the  infirm  handwriting,  undeceived  me  as  to  his 
condition ;  but  illness  of  my  own  and  incessant  occupation  pre- 
vented me  from  making  earlier  personal  inquiry.  I  was  greatly 
shocked  by  the  change  which  had  taken  place  in  the  interval. 
Emaciated  and  feeble,  he  seemed  altogether  in  physical  respects 
a  different  man.  His  intellect,  I  soon  found,  was  as  clear  and 
active,  and  powerful  as  ever,  and  I  was  deeply  impressed  by  the 
gracious  sweetness,  gentleness,  and  humility,  which  shone  through 
his  manner  and  every  word  he  uttered.    He  spoke  with  thankful- 
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ness  of  his  having  been  brought  through  the  struggle  for  life  which 
he  had  undergone,  and  of  the  expectation  thus  revived  that  the 
great  task  he  had  on  hand  would  very  soon  be  accomplished  by 
his  sending  to  the  press  the  last  sheets  of  his  Elements  of  Qtmter' 
nians.  And  looking  beyond  this  event,  he  intimated  his  intention 
of  turning  afterwards,  for  refreshment  and  variety,  to  the  study  of 
poetry  and  to  the  putting  down  of  his  thoughts  on  metaphysics.  I 
spent  with  him  nearly  four  hours  in  conversation,  embracing  the 
higher  topics  of  the  day,  religion  included,  part  of  the  time  in  his 
beloved  garden,  part  in  the  house,  from  which  with  kind  considera- 
tion he  insisted  on  sending  me  homeward  in  his  oar ;  and  I  felt,  as 
1  drove  away  that  summer  evening  from  the  Observatory,  that 
never  in  the  long  period  of  our  friendship  had  my  feeling  towards 
him  been  one  of  deeper  admiration  and  affection. 

On  the  5th  of  August  Hamilton  commenced  what  was  intended 
to  be  a  short  series  of  letters  on  Quaternions,  addressed  to  his 
younger  son,  by  writing  with  a  tremulous  hand  the  letter  describ- 
ing the  circumstances  of  his  great  discovery  which  has  been  printed 
in  the  second  volume  of  this  work.*  An  introductory  sentence  to 
a  second  letter  of  the  series  is  all  that  he  was  able  afterwards  to 
accomplish.  In  the  Appendix  of  this  volume  will  be  found  some 
paragraphs  canying  on  the  Contents  of  his  book,  which  were 
written  towards  the  close  of  the  month.  The  26th  of  August  is 
the  date  attached  to  the  last  of  these  paragraphs,  and  this,  I 
believe,  is  his  latest  registering  of  scientific  work.  On  the  22nd 
he  wrote  to  the  Bursar  of  Trinity  College  his  letter  already  re- 
ferred to,t  respecting  the  University  printer's  account,  and  on  the 
24th  of  August  to  Mr.  Gould  his  brief  acknowledgment  of  the 
honour  wafted  to  him  over  the  Atlantic.  These  were  his  final 
efforts. 

On  the  2nd  of  September,  in  response  to  a  summons  from  his 
eldest  son,  I  proceeded  from  Howth,  where  I  was  then  staying, 
to  the  Observatory.     I  was  met  at  the  door  by  Lady  Hamilton  in 

•  Vol.  ii.,  p.  434.  t  Supra^  p.  202, 
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tears,  and  from  her  and  Mrs.  Joseph  Willey,  who  was  rendering 
valuable  aid  as  nurse  to  her  relative,  and  from  his  eldest  son*  I 
heard  the  sad  tidings  that  the  end  was  at  hand.  I  found  my 
friend  in  bed,  his  breathing  rendered  diffioult  by  bronchitis,  but 
his  mind  calm  and  in  its  full  strength.  He  at  once  disclosed  his 
consciousness  that  he  was  approaching  the  termination  of  his  life. 
After  referring  to  his  long  friendship  with  myself  and  other  mem- 
bers of  my  family  he  spoke  on  general  topics  of  a  religious  bearing, 
taking  occasion,  as  I  have  already  intimated,!  to  express  his  dis- 
approval of  Bishop  Colenso's  treatment  of  Abraham's  interrupted 
Sacrifice  of  Isaac,  and  expressing  his  conviction  that  God,  as 
supreme  Lord  of  life,  able  to  give,  to  take  away,  and  to  restore, 
might  quite  justifiably  give  the  command  impugned :  though  he 
considered  not  unlikely,  what  I  urged,  that  the  whole  transaction, 
besides  being  a  test  of  Abraham's  faith,  might  be  rightly  inter- 
preted as  a  process  of  symbolical  instruction,  one  lesson  of  which, 
though  not  the  highest,  was  that  human  sacrifice  was  not  accept- 
able to  God  as  part  of  human  worship.  Turning  to  his  own 
relation  to  God,  he  asked  me  a  question  by  which  I  was  deeply 
moved,  manifesting,  as  it  seemed  to  me,  his  humble  searching  of 
heart, '  Did  I  think  that  God  could  love  him  P  '  I  replied  as  the 
Christian  minister  has  the  happiness  of  being  able  to  reply  to  such 
inquiry  from  a  God-loving,  yet  self-arraigning,  self-condemning, 
spirit,  and  he  was  satisfied.  He  then  asked  me  to  pray  with  and 
for  him,  telling  me  that  he  had  found  in  the  145th  Psalm,  which 
he  had  asked  Mrs.  Willey  to  read  for  him,  a  wonderfully  suitable 
expression  of  his  thoughts  and  feelings — and  truly  in  that  Psalm 
we  may  read  his  admiring  thoughts  of  Gk>d  and  God's  works,  his 
feelings  of  gratitude  for  the  mercy  that  had  sustained  him  through 
life,  upheld  him  in  falls,  and  listened  to  his  cry  in  sorrow.  I  com- 
plied with  his  desire ;  after  which  he  said  that  he  wished  to  testify 


*  His  younger  son  and  his  daughter  were  now  at  Clogher :  the  former  serv- 
ing his  oure,  the  latter  recruiting  her  strength  after  illness, 
t  Vol.  i.,  p.  179. 
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his  faith  and  thankfuhiess  as  a  GhriBtian  by  partaking  of  the 
Lord's  Supper.  He  added  words  to  this  efFeet — that,  personally, 
he  would  rather  receive  it  at  my  hands,  or  those  of  his  son,  than 
from  anyone  else  in  the  world,  but  that  he  thought  the  rubrical 
direction  of  our  Church  should  be  observed  (thus  manifesting 
at  the  last  his  deeply-seated  respect  for  order  and  law),  and  that 
he  would  therefore  ask  me  to  request  his  Parish  Clergyman, 
Dr.  Sadleir,  to  come  to  the  Observatory  on  the  next  day,  if 
possible,  for  the  purpose  of  administering  the  sacred  rite,  and 
that  I  would  join  him  in  partaking  of  it.  I,  of  course,  consented, 
and  withdrew,  as  the  arrival  of  Dr.  Stokes  and  Dr.  Wyse  was 
announced.  He  then  roused  himself  and  used  for  the  last  time 
his  pen — ^so  long  his  ahnost  ioseparable  instrument  of  thought — 
in  feebly  writing  a  few  words  to  prepare  his  physicians  for  finding 
him  with  little  voice  left  after  his  long  converse  with  me.  Upon 
their  coming  down  from  his  room  I  gathered  from  them  that  he  was 
indeed  come  to  the  final  stage  of  his  illness,  but  that  it  could  not 
be  pronounced  how  long  his  powers  would  hold  out.  Dr.  Stokes, 
who  was  at  the  time  my  medical  adviser,  would  not  suffer  me  to 
remain,  as  I  wished  to  do,  but  insisted  on  taking  me  back  with 
him  to  DubUn.  I  therefore  went  again  to  my  friend's  bedside, 
and  was  struck  by  the  signs  of  a  great  collapse  of  vital  energy, 
but  had  the  satisfaction  of  a  momentary  interchange  of  farewells. 
Very  shortly  after  our  departure,  at  2h.  30m.  p.m.,  he  breathed 
his  last,  having  first,  as  I  learned  the  following  day,  solemnly 
stretched  himself  at  his  full  length  upon  his  bed,  and  symmetri- 
cally disposed  his  arms  and  hands,  thus  calmly  to  await  his 
death. 

News  of  the  event  reached  me  the  next  morning,  accompanied 
with  a  request,  immediately  acted  upon,  that  I  should  revisit  the 
mourning  family.  I  then  beheld,  for  the  last  time,  the  form  of 
my  friend,  and  I  shall  never  lose  the  impression  of  grandeur  and 
majesty  made  upon  me  by  the  noble  head  and  the  monumental 
figure.  More  than  once,  in  after  times.  Dr.  Stokes  has  said  to  me 
that  in  all  his  long  experience  he  had  never  seen  a  human  being 
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whose  aspect,  under  the  sahliming  power  of  death,  oould  compare, 
in  the  attributes  I  have  named,  with  that  of  Hamilton. 

The  Provost  of  Trinity  College,  Dr.  Bichard  MacDonnell, 
writing  on  the  4th  of  September,  expressed,  in  the  following  words 
of  a  letter  to  Hamilton's  son,  his  estimate  of  the  event  viewed  in 
connexion  with  the  histoiy  of  the  Universitj  of  Dublin  :  ^  Accept 
mj  heartfelt  condolence  for  the  great  loss  which  jour  family  has 
sustained.  The  loss  to  our  TJniversify  is  irreparable,  for  since  the 
creation  of  our  University  we  have  not  had  so  distinguished  a 
member  of  our  body.* 

The  funeral  took  place  on  the  7th  of  September.  His  remains 
were  brought  from  the  Observatory  to  the  Chapel  of  Trinity  Col- 
lege, where  the  first  part  of  the  Burial  Service  was  read  by  his 
friend.  Doctor  Todd,  Senior  Fellow ;  thence  a  procession  followed 
the  hearse  to  the  cemetery  at  Mount  Jerome.  The  time  of  year 
accoimted  for  the  absence  from  Dublin  of  very  many  who  would 
have  joined  it.  I  may  name  two  who  were,  with  great  regret,  at 
a  disabling  distance — ^his  early  friend  and  pupil,  the  Earl  of  Dun- 
raven,  and  Dean  Craves.  Still  great  numbers  formed  a  proces- 
sion, which  included,  besides  his  family  and  connexions,  a  large 
body  of  College  students,  headed  by  the  University  authorities ; 
many  citizens  of  Dublin,  preceded  by  the  chief  officers  of  the 
Corporation  of  his  native  city ;  and  members  of  the  Boyal  Irish 
Academy,  attended  by  their  secretary,  Mr.  Clibbom,  bearing  the 
Academic  mace  veiled  in  mourning  reminiscence  of  their  great 
President.  I  might  here  give  a  list,  not  uninteresting,  of  eminent 
men  who  paid  this  tribute  of  their  respect,  but  must  content 
myself  with  mentioning  that  among  them  were  Hamilton's  old 
friends.  Dr.  Hart,  Dr.  Salmon,  Dr.  Stokes,  Dr.  Petrie,  Sir  Thomas 
Larcom,  Denis  Florence  MacCarthy,  and  Professor  Adams  of 
Cambridge.  The  conclusion  of  the  Burial  Service  was  read  by 
Dr.  Sadleir,  Incumbent  of  Castleknock.  The  grave  appropriated 
to  Hamilton,  on  the  north  side  of  the  cemeteiy,  is  marked  by  a 
headstone,  subsequently  erected  by  his  family,  and  bearing  the 
inscription : — 
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HEBE  LIE  THE  MOBTAL  BEMAINS  OF 
SIE  WILLIAM  KOVAN   HAMILTON,   LL.D., 

&OTAL  A8TB0N0ME&  OF  IRBLAXD. 

He  was  bobk  Aug.    4  :  1805. 
He  died  Sep.    2  :  1865 

'  —  IN  TKB  LOYB  OF  OoD,  LOOKING  FOB  THB  MB&CT  OF  OUE  LOBD  JeSUS  ChBIST 

UNTO  BTBBNAL  LIFE.* — Jud9  21. 


It  should  here  be  recorded  that  the  Civil  Last  Pension  of  £200, 
which  had  been  conferred  on  Sir  W.  B.  Hamilton  in  1843,  was 
continued,  after  his  death,  to  his  widow  and  daughter  conjointly. 
Lady  Hamilton  died  in  1869,  his  daughter,  Mrs.  O'Began,  in 
1870,  when  the  pension  lapsed.  An  effort  was  then  made  to  ob- 
tain a  grant  from  the  same  source  for  his  only  surviving  sister, 
Sydney  Margaret  Hamilton,  a  lady  who  would  in  every  respect 
have  been  a  fitting  recipient  of  the  favour — for  she  had  in  many 
ways  aided  her  brother,  both  in  domestic  emergencies,  and  in  the 
routine  work  of  the  Observatory,  was  of  exemplary  character,  and 
was  at  this  time  in  very  narrow  circumstances.  But  though  a 
memorial,  urging  the  grant,  was  signed  by  the  chief  men  of 
science  and  literature  in  Ireland,  the  Premier  of  the  time,  Mr. 
Gladstone,  found  himself  unable  to  accede  to  its  prayer.  Miss 
Hamilton  afterwards  emigrated  to  New  Zealand,  where  she  stiU 
lives,  esteemed  and  honoured.  The  elder  son  of  Sir  William,  Mr. 
W.  E.  Hamilton,  has  become  a  citizen  of  the  Dominion  of  Canada, 
and  the  younger  son  is  a  laborious  and  respected,  but  unbeneficed, 
clergyman  in  the  North  of  Ireland.  Sir  William's  only  grand- 
<shild,  John  Bowan  Hamilton  O'Began,  born  but  a  few  weeks 
before  the  death  of  his  mother,  is  now  a  promising  scholar  of 
Clifton  College. 
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CHAPTER  LI. 

CHARACTERISATIONS   OF   HAMILTON   AND   OF   HIS  WORK. 

The  family  of  Sir  William  Hamilton  received  in  their  affliction 
many  letters  of  condolence.  Two  of  these,  addressed  to  his  widow, 
are  here  inserted,  inasmuch  as  the  writers,  Sir  John  Hersohel  and 
Augustus  De  Morgan,  were  eminently  qualified  to  form  an  ade- 
quate judgment  of  the  intellect,  the  scientific  work,  and  the 
character  of  the  friend  whom  they  had  lost,  and  it  would  be 
unfair,  I  think,  both  to  Hamilton  and  to  the  public  not  to  place 
that  judgment  on  record. 

From  Sir  J.  F.  W.  Herschbl  to  Lady  Hamilton. 

^  CoLLDrowooD,  September  14,  1865. 

*  Dear  Madam — I  trust  that,  though  personally  a  stranger,  I 
shall  not  be  thought  obstrusiye  in  offering  my  most  sincere  and 
heartfelt  condolence  on  the  occasion  of  your  late  heavy  affliction, 
as  one  who  loved  and  admired  him  whom  it  has  pleased  Providence 
to  remove  (while  yet  at  an  age  when  his  country  and  science 
might  still  have  expected  so  much  from  him)  with  no  common  love 
and  admiration. 

^  The  event,  which  I  learned  only  from  its  public  mention  in 
the  papers,  struck  me  with  the  more  painful  surprise,  as  I  had  not 
heard  of  his  previous  illness,  and  have  been  lately  several  times  on 
the  point  of  writing  to  inquire  respecting  the  progress  of  that  really 
important  work  on  which  I  knew  that  he  was  engaged — an  ex- 
position, in  a  form  adapted  to  the  comprehension  of  ordinary 
mathematicians,  of  the  principles  of  his  wonderful  Calculus  of 
Quaternions.  I  trust  that  he  left  this  work,  if  not  quite  com- 
pleted for  press,  at  least  so  far  finished  that  it  may  yet  see  the 
light.  I  will  not  intrude  longer  on  your  sorrow.  Permit  me  only 
to  add  that  among  the  many  scientific  friends  whom  time  has 
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deprived  me  of,  there  has  been  none  whom  I  more  deeply  lament, 
not  only  for  his  splendid  talents,  but  for  the  excellenoe  of  his  dis- 
position and  the  perfeot  simplicity  of  his  manners — so  great  and 
yet  so  devoid  of  pretension — and  allow  me  to  remain,  dear  madam, 
yonr  faithful  servant,  J.  P.  W.  Herschel. 

'  P.  S. — I  need  not  add  that  Lady  Hersohel  desires  me  to  add 
the  expression  of  her  hearty  oondolenoe.' 

From  Professor  De  Morgax  to  Lady  Hamilton. 

'91,  Adslaide-boad,  N.W.,  September  6,  1865. 

'Dear  Lady  Hamilton— I  shall  certainly  not  intrude  on  your 
grief  by  sending  this  letter  according  to  its  date ;  I  write  it  on  the 
day  on  which  I  have  received  the  shock  of  hearing  that  one  of  my 
dearest  friends  has  passed  away,  without  my  knowing  that  any  the 
least  alteration  had  taken  place  in  his  health.  That  I  shall  sooner 
or  later  offer  you  my  heartfelt  sympathy  is  a  thing  of  course ;  and 
I  cannot  do  it  better  than  by  writing  at  once,  though  I  know  the 
sending  it  at  once  would  be  wrong. 

'  Several  months  have  passed  since  I  heard  from  your  husband. 
This  was  not  uncommon;  our  correspondence  was  often  interrupted 
by  longer  periods ;  it  went  and  came  by  fits  and  starts.  I  hoped 
that  all  things  were  going  on  as  usual,  and  was  meditating  a  letter 
of  inquiry  to  be  replied  to  as  many  of  the  same  kind  had  been 
before,  when  three  lines  in  the  Dailp  Telegraph  put  me  in  posses- 
sion of  the  sad  news  that  nothing  of  my  friend  was  left  in  this 
world  except  his  deathless  fame  and  his  mourning  family. 

'  I  have  called  him  one  of  my  dearest  friends,  and  most  truly ; 
for  I  know  not  how  much  longer  than  twenty-five  years  we  have 
been  in  intimate  correspondence,  of  most  friendly  agreement  or 
disagreement,  of  most  cordial  interest  in  each  other.  And  yet  we 
did  not  know  each  others'  faces.  I  met  him,  about  1830,  at 
Babbage's  breakfast-table,  and  there,  for  the  only  time  in  our 
lives,  we  conversed.  I  saw  him,  a  long  way  off,  at  the  dinner 
given  to  Herschel  (about  1838)  on  his  return  from  the  Cape; 
and  there  we  were  not  near  enough,  nor,  on  that  crowded 
day,  could  we  get  near  enough,  to  exchange  a  word.  And 
this  is  all  I  ever  saw,  and,  so  it  has  pleased  Qod,  all  I  shall 
see  in  this  world,  of  a  man  whose  friendly  communications  were 
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amoDg  mj  greatest  social  enjoyments  and  greatest  intellectual 
treats. 

*  There  is  not  a  word  which  I  could  offer  to  you  or  yours,  on 
any  of  those  considerations  which  bring  such  comfort  as  the  case 
allows,  other  than  what  must  suggest  itself,  and  must  be  better 
enforced  by  those  around  you.  That  you  should  soon  find  comfort 
in  such  considerations  would  be — nay,  w — his  chief  wish  for  you 
and  your  children.     May  you  find  it ! 

^  The  time  will  come  when  you,  or  Miss  Helen,  will  feel  able  to 
write  me  something  about  his  last  months,  his  decline,  and  the  state 
in  which  his  scientific  matters  are  left.  You  will,  I  sincerely  hope, 
not  hurry  in  compliance  with  my  request.  No  number  of  months  will 
abate  my  interest  in  the  matter.  I  have  watched  his  career  from  the 
beginning.  When  I — a  year  younger  than  himself,  as  it  happens 
— was  an  undergraduate  not  far  advanced,  and  he  must  have  been 
about  nineteen  years  old,  I  heard  of  the  extraordinary  attainments 
of  a  very  young  student  of  Trinity  College,  which  were  noised 
about  at  Cambridge.  This  rumour  was  made  more  interesting  by 
other  rumours  which  also  circulated  about  the  same  time  concern- 
ing another  young  Irishman,  then  recently  matriculated  at  Cam- 
bridge. This  was  poor  Murphy,  whose  subsequent  career,  though 
great  in  mathematics,  fell  short  in  conduct  and  discretion.  He 
wanted  all  but  mathematical  education  in  early  youth.  The 
appearance  of  the  two  at  once  in  the  field  gave  both  an  interest, 
and  I  was  thus  led  to  watch  Hamilton's  career  before  I  knew 
anything  of  him  personally. 

'  His  memory  will  be  very  bright  and  very  lasting.  I  trust 
that  care  will  be  taken  to  illustrate  the  singular  variety  of  his 
attainments  and  the  fertility  of  his  mind.  His  publications  give 
no  more  than  a  glimpse  of  what  he  was  out  of  mathematics.  Nor 
must  it  be  left  unrecorded  how  truly  good  he  was  as  a  man  and  a 
member  of  Society.  In  exact  science  he  will  be  the  Irishman  of 
his  day  and  of  that  to  come,  just  as  much  as  his  namesake  was  in 
mental  speculation  the  Scotchman. 

*  With  the  warmest  wishes  for  you  and  yours,  I  am,  dear  Lady 
Hamilton,  sincerely  yours,  A.  De  Morgan.' 

In  a  brief  memoir  of  his  friend,  printed  in  the  OentlematCs 
Magazine  ior  JeLnuAtj^  1866,  Prof essor  De  Morgan  bears  additional 
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testimoDy  to  the  moral  and  intellectual  character  of  Hamilton,  and 
famishes  some  illustratiYe  anecdotes  and  details  which  have  a 
value,  as  helping  to  produce  a  life-Hke  image  of  the  man.  The 
following  are  extracts : — 

'Hamilton  was  a  man  who  combined  different  talents  to  an 
extent  which  is  often  attributed,  by  exaggeration,  to  the  possessor 
of  one  powerful  faculty ;  but  in  lus  case  there  lb  abundant  cTidence. 
He  was  scholar,  poet,  metaphysician,  mathematician,  and  natural 
philosopher.  Highly  imaginative  and  fluent  of  tongue,  he  was  an 
orator  in  all  that  he  knew ;  even  in  mathematics,  to  the  details  of 
which  he  could  give  almost  a  rhetorical  cast  in  a  letter.  In  meta- 
physics he  was  very  well  read,  and  could  talk  in  a  way  which 
suggested  to  Southey  a  comparison  and  a  difference.  Hamilton 
one  day  preached  to  Southey  on  this  subject,  until  the  latter 
remarked,  as  they  passed  a  ploughman,  "  If  you  had  been  Cole- 
ridge, you  would  have  talked  to  that  ploughman  just  as  you 
have  been  talking  to  me. .  .  ." 

'  Hamilton  was  not  only  an  Irishman,  but  Irish ;  and  this  with 
curious  oppositions  of  character.  He  was  a  non-combatant :  there 
was  too  much  kindness  in  his  disposition  to  allow  any  fight  to  show 
itself.  Impulsive  and  enthusiastic,  with  strong  opinions  and  new 
views,  he  was  never  engaged  in  a  scientific  controversy.  .  .  . 
William  Bowan  Hamilton's  preservative  was  his  dread  of  wound- 
ing the  feelings  of  others.  In  his  youth  "  Defender  of  the  Absent '' 
was  his  nickname  .  •  .  He  had  a  morbid  fear  of  being  a  plagiarist ; 
and  the  letters  which  he  wrote  to  those  who  had  treated  like  subjects 
with  himself  sometimes  contained  curious  and  far-fetched  misgivings 
about  his  own  priority.  But  with  all  this  there  was  a  touch  of  the 
national  temperament  in  him  ...  an  Irishman  who  never  gets  into 
a  row  may  give  quick  but  quiet  symptoms  of  opposition  of  opinion, 
and  of  what,  were  it  more  than  a  rudiment,  would  be  called  pug- 
nacity. 

*■  Hamilton  was  apt  to  work  by  fits  and  starts.  He  has  been 
known  several  times  to  work  fourteen  hours  in  one.  day,  standing 
nearly  all  the  while;  but  there  were  intervals  of  comparative 
inaction  .  .  .  Sometimes  a  letter  was  written  and  copied  which  was 
not  sent  for  months,  and  then  only  the  first  sheet,  with  promise  of 
the  rest.     It  has  even  happened  that  the  letter  was  knowingly 
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never  forwarded  at  all,  and  that  when,  long  after,  he  found  reason 
to  wish  to  send  it,  he  could  not  find  it  and  sent  the  copy  instead. 
But  with  all  this  he  made  more  notes  than  anyone,  and  was 
exceedingly  particular  about  minute  accuracy  of  points,  crosses, 
and  dates  in  the  most  trifling  memoranda.  His  first  Lectures  on 
Quatemionsy  to  our  knowledge,  had  a  dozen  sheets  printed  off  by 
December,  1851,  and  appeared  only  in  the  middle  of  1853 ;  the 
second  set,  which  will  probably  appear  by  the  time  this  account  is 
printed,  took  a  much  longer  time  in  passing  through  the  press. 
The  proof-sheets  were  held  in  hand  until  the  author  had  satisfied 
himself  about  himself,  and  about  others:  and  neither  was  easy 
work.  .  .  .  His  papers  were  iu  most  picturesque  confusion,  but  he 
knew  how  to  lay  his  hand  on  any  one  he  wanted  [not  always]  ;  he 
oould  detect  the  removal,  were  it  only  by  a  quarter  of  an  inch,  of 
any  out  of  hundreds,  and  any  such  offence  against  the  laws  of  his 
study  would  throw  him  into  what  our  informant  calls  a  **  good, 
honest,  thundering  passion.".  .  . 

^  In  the  matter  of  right  and  wrong,  Hamilton  was  very  simple- 
minded.  To  say  he  was  truthful  would  be  only  a  part  of  the  truth ; 
his  aptitude  to  entertain  misgivings,  already  alluded  to,  made  him 
often  think  it  right  to  express  his  opinions  to  avoid  the  possibility 
of  being  misunderstood.  But  it  may  be  said  that  it  was  not  he 
and  others  who  differed,  but  his  opinions  and  the  opinions  of 
others;  his  tolerance  was  perfect.  .  .  . 

^  He  very  much  liked  Goldsmith's  writings,  and  we  thiak 
points  of  similarity  might  be  traced  between  him  and  the  author 
whom  he  so  much  admired.  But  the  parallel  would  break  down 
altogether  in  one  point;  Hamilton  spoke  as  well  as  he  wrote. 
His  voice  was  distinct,  sweet,  and  powerful.  He  relished  the 
extremes  both  of  simplicity  and  splendour,  though  in  his  own 
habits  and  manners  as  plain  as  possible.  He  thought  much  of 
the  comfort  of  others  and  lightly  of  his  own.  When  some  house- 
breakers were  caught  on  the  premises,  and  detained  until  they 
oould  be  carried  before  a  magistrate,  he  amused  his  family  by 
directing  that  the  felons  should  be  asked  whether  they  preferred 
tea  or  milk  for  breakfast.  A  full  memoir  of  his  private  and 
public  life  would  present  a  genial  combination  of  intellectual 
greatness,  moral  goodness,  and  piquant  peculiarity  of  thought  and 
manner,  all  brightened  by  never-ceasing  benevolence  of  feeling, 
and  toned  by  rare  gentleness  of  manner.' 
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In  reference  to  the  combination  in  Hamilton  of  poet  and 
mathematician,  De Morgan  adds: — 

*  The  moving  power  of  mathematical  invention  is  not  reasoning,, 
but  imagination.  We  no  longer  apply  the  homely  term  maker  in 
literal  translation  of  poet ;  but  discoverers  of  all  kinds,  whatever 
may  be  their  lines,  are  makers;  or,  as  we  now  say,  have  the 
creative  genius. 

*  Hamilton  was  once  called  the  Irish  Lagrange^  and  the  com- 
parison was  a  good  one.  The  styles  of  mathematicians  differ  aa 
much  as  the  styles  of  poets ;  and  Hamilton  is  distinguished  by 
that  power  over  symbols,  combined  with  elegance  of  expression, 
which  is  so  remarkable  in  the  writings  of  Lagrange.' 

From  the  Eloge  Sistoriqae,  pronounced  by  Fourier  on  Laplace 
in  the  Acadimie  Royale  des  ScienceSy  on  the  15th  of  June,  1829, 1 
extract  the  passage  in  which  the  great  mathematician  who  delivered 
it  describes  the  work  and  character  of  Lagrange.  It  will  be  foimd, 
I  think,  largely  to  justify  the  appellation  above  recorded  as  applied 
to  Hamilton. 

'  Le  trait  distinctif  de  son  genie  consiste  dans  I'unit^  et  la  gran- 
deur des  vues.  II  s'attachait  en  tout  k  une  pens^e  simple,  juste,  et 
tres-^lev^e.  Son  principale  ouvrage,  la  M4canique  Analt/tique, 
pourrait  etre  nomm^e  la  M^canique  Fhilosophique,  car  il  ramene 
toutes  les  lois  de  Fequilibre  et  du  mouvement  k  im  seul  principe ; 
et  oe  qui  n'est  pas  moins  admirable,  il  les  soumet  i  une  seule 
methode  le  calcul  dont  il  est  luimSme  I'inventeur.  Toutes  ses 
compositions  mathematiques  sont  remarquables  par  une  ^l^gance 
singuli^re,  par  la  sym^trie  des  formes  et  la  g^n^ralit^  des  methodes,. 
et,  si  I'on  pent  parler  ainsi,  par  la  perfection  du  style  analytique* 
Lagrange  n'etait  pas  moins  philosophe  que  grand  g^om^tre.  II 
Fa  prouv^,  dans  tout  le  cours  de  sa  vie,  par  la  moderation  de  ses 
d^sirs,  son  attachement  immuable  aux  int^r^ts  g^n^raux  de 
I'humanit^,  par  la  noble  simplicity  de  ses  moeurs,  et  I'el^vation 
du  caractdre,  enfin  par  la  justesse  et  la  profondeur  de  ses  travaux 
ecientifiques.' 

At  the  Stated  General  Meeting  of  the  Hoyal  Irish  Academy, 
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held  on  the  30th  of  November,  1865,  Hamilton's  Eloge  was  pro- 
nounced by  the  President  of  the  Academy,  Dean  Graves,  now 
Bishop  of  Limerick.  The  Eloge  is  printed  at  full  in  the  Proceed- 
ing%  of  the  Session,  but  I  think  it  right  to  reproduce  here  passages 
from  it  which  furnish  interesting  particulars  not  elsewhere  dwelt 
upon  as  to  the  modus  operandi  of  Hamilton  in  carrying  on  his 
scientific  work,  and  convey  on  other  important  points  testimony 
valuable  and  implicitly  to  be  trusted,  as  coming  from  one  who, 
having  been  long  his  scientific  associate  and  private  friend,  was  a 
specially  competent  witness : — 

'  Hamilton  was  gifted  with  a  rare  combination  of  those  qualities 
which  are  essential  instruments  of  discovery.  He  had  that  fine 
perception  of  analogy  by  which  the  investigator  is  guided  in  his 
passage  from  the  known  to  the  unknown.  This  is  an  instrument 
by  which  many  important  mathematical  discoveries  have  been 
effected.  Sometimes  the  mathematician  devises  some  happy  modi- 
fication in  the  statement  of  a  theorem  or  a  method,  by  which  its 
application  may  be  extended.  Sometimes,  by  analyzing  different 
demonstrations,  he  even  sees  that  a  particular  proposition  may  be 
made  the  starting-point  from  which  he  ascends  to  more  than  one 
generalization.  In  the  investigations  of  Hamilton  we  find  abund- 
ant instances  of  the  skilful  use  of  all  the  ordinary  expedients  and 
instruments  of  inventive  sagacity.  But  he  seems,  also,  to  have 
possessed  a  higher  power  of  divination — an  intuitive  perception  that 
new  truths  lay  in  a  particular  direction,  and  that  patient  and 
systematic  search,  carried  on  within  definite  limits,  must  certainly 
be  rewarded  by  the  discovery  of  a  path  leading  into  regions  hitherto 
unexplored.  Something  like  this  was  the  unshaken  assurance  which 
led  Columbus  to  turn  his  back  upon  Europe,  to  launch  upon  the 
broad  Atlantic,  and  seek  a  new  world  in  the  far-off  west. 

'And  our  illustrious  countryman's  diligence  in  research  was 
not  less  admirable  than  his  prescient  sagacity.  No  amount  of 
labour  to  be  incurred  could  deter  him  from  entering  upon  the 
calculations  by  which  the  correctness  of  his  conjectures  was  to  be 
tested.  The  confident  expectation  of  obtaining  results  instructive 
in  one  way  or  another  reconciled  him  to  the  irksomeness  of  the 
most  tedious  and  complicated  calculations.     He  felt  that  the  great 
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object  to  be  sought,  in  the  first  instance,  was  the  discoyeiy  of  the 
result  itself ;  and  he  trusted  that,  once  it  was  reached,  he  would  be 
able  to  strike  out  some  more  direct  and  more  elegant  method  of 
investigation.  His  MSS.,  even  his  published  researches,  furnish 
many  examples  of  this.  Once  he  had  reached  the  conclusion  at 
which  he  had  been  aiming,  he  resumed  the  consideration  of  the 
principal  steps  in  his  argument ;  he  interpreted  them  with  care ;  ha 
traced  their  connexion,  and  seldom  failed  to  arrive  at  simplificationa 
and  generalizations,  which  amply  compensated  for  the  labour  spent 
upon  his  first  essays.  By  this  habit  of  grappling  courageously 
with  the  difficulties  of  calculation  he  was  distinguished  from  some 
other  eminent  mathematicians.  Averse  to  plunge  into  depths  of 
calculation  from  which  they  see  no  certain  hope  of  emerging  in 
the  end,  they  are  tempted  to  expend  an  undue  amount  of  intel- 
lectual energy  in  the  endeavour  to  force  their  way  by  a  direct 
method  to  the  desired  result.  .  .  . 

*  In  the  case  of  Hamilton,  it  is,  moreover,  deserving  of  notice 
that  he  evinced  a  readiness  to  grapple  with  the  difficulties  of 
calculation,  even  where  there  was  no  prospect  of  his  labour  being 
rewarded  by  any  discovery.  He  engaged  in  exercises  of  this  kind 
sometimes  from  a  wish  to  strengthen  his  intellectual  hold  of  gene- 
ral propositions  by  scrutinizing  the  results  obtained  by  applying 
them  in  a  number  of  particular  instances ;  and  sometimes,  perhaps, 
from  a  wish  to  mature  and  keep  in  exercise  those  powers  of  calcu- 
lation upon  the  exactitude  and  prompt  operation  of  which  so  much 
depends  in  the  conduct  of  difficult  mathematical  investigations.  I 
have  known  him  spend  hours,  or  even  days,  in  working  numerical 
examples  of  some  theorem  in  pure  or  applied  mathematics,  or  in 
testing  the  accuracy  of  some  formula  of  approximation.  Occasion- 
ally he  engaged  in  tasks  of  this  nature,  in  the  kindly  endeavour  to 
convince  some  half-crazed  squarer  of  the  circle  that  his  proposed 
construction  was  inaccurate.  Finding  almost  always  that  it  was 
hopeless  to  convince  the  mathematical  fanatic  of  the  unsoundness 
of  any  of  his  premises,  he  would  take  pains  to  show  him  that  the 
results  he  obtained  were  false  in  particular  instances. 

^  And  this  leads  me  to  notice  a  feature  in  his  character  which 
deserves  to  be  recorded.  From  the  lofty  height  of  his  genius  and 
learning  he  was  accustomed  to  stoop  with  the  utmost  readiness  to 
hold  converse  with  inferior  minds.    Many  of  his  visitors  at  the 
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Observatoij)  and  the  members  of  the  class  who  attended  his 
lectures  in  Trinity  College,  can  recall  instances  of  his  patience 
and  good-nature  in  answering  their  questions,  and  clearing  up 
the  difficulties  which  beset  them  in  their  elementary  studies  of 
mathematics  and  natural  philosophy. 

*•  It  is  remarkable  that  while  he  possessed  such  powers  of  calcu- 
lation, and  was  almost  prodigal  in  the  exercise  of  them,  he  was  to 
the  last  degree  solicitous  about  the  metaphysics  of  every  subject  on 
which  he  imdertook  to  write.  We  have  seen  a  decisive  instance  of 
this  tendency  of  his  mind  in  his  treatment  of  algebra  considered  aa 
the  science  of  pure  time.  So,  again,  in  laying  the  foundation  of 
his  Calculus  of  Quaternions,  we  see  him  labouring  to  secure  its 
stability  by  the  most  careful  regard  to  the  primary  .conceptions  of 
time  and  space.  Students  of  his  Lecturer  on  Quaternions  have 
sometimes  complained  that  he  has  claimed  from  them  too  much 
attention  to  the  metaphysics  of  the  subject,  and  has  stopped  them 
in  their  career  of  building  up,  in  order  that  they  might  contem- 
plate afresh  the  plan  of  the  structure.  But  this  was  in  accordance 
with  his  views  regarding  the  ascending  scale  of  the  subjects  of 
human  thought.  To  religion  he  gave  the  highest  place — and  this 
not  as  a  formality ;  for  his  was  a  deeply  reverential  spirit.  He 
assigned  the  next  to  metaphysics.  To  them  he  subordinated 
mathematics  and  poetry,  and  assigned  the  lowest  place  to  physics 
and  general  literature.  His  studies  in  the  department  of  meta- 
physics were  extensive.  After  a  thoughtful  examination  of 
Berkeley's  writings,  he  professed  himself  a  disciple  of  that 
philosopher,  ''  vtrith  most  cordial  and  delightful  submission '' ; 
not,  indeed,  assenting  to  every  separate  argument,  but  embracing 
his  grand  results  ;*  and  in  this  attachment  to  Berkeley's  theory  we 
have  reason  to  know  that  he  was  confirmed  by  his  converse  with 
Faraday,  who  in  his  own  region  of  investigation  had  been  led  to 
the  conclusion  that  forces,  rather  than  material  particles,  were  the 
ultimate  objects  of  physical  inquiry.  His  acquaintance  with  the 
German  language  enabled  him  to  master  the  works  of  Kant.  In 
the  reasonings  of  that  philosopher,  he  was  the  more  ready  to  concur, 
as  his  own  previous  inquiries  had  already  conducted  him  to  several 
of  Slant's  views  respecting  the  intuitions  of  time  and  space.  .  .  . 

*  See,  however,  tuprUf  p.  177. 
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'  His  poetioal  oompositions  were  the  genuine  outpourings  of  a 
noble  heart  and  fervid  imagination,  characterized  by  a  depth  of 
thought  and  elevation  of  sentiment  which  compensated  for  occa- 
sional defects  in  artistic  execution.  These  poetic  efforts  have  an 
additional  interest,  as  exemplifying  in  his  own  productions  the 
connexion  which  he  so  strongly  insisted  on  as  existing  between 
the  highest  provinces  of  science  and  the  region  of  poetry — ^in  both 
of  which  he  maintained  that  there  was  scope  and  demand  for  the 
exercise  of  the  imaginative  faculty.  According  to  him,  the  modem 
geometry,  which  deals  virith  the  infinites  and  imaginaries  of  space, 
has  its  beauty  and  its  fascination ;  and  he  reckoned  the  happy 
daring  of  such  geometers  as  Foncelet  and  Chasles  as  closely  allied 
to  poetry.  We  happen  to  know  that  this  view  of  his,  as  communi- 
cated by  him  to  the  poet  Wordsworth,  was  to  the  latter  an  entirely 
new  revelation,  and  had  the  effect  of  raising  his  conception,  which 
had  before  been  unduly  depreciatory,  of  the  dignity  both  of  sdenoe 
itself  and  of  its  most  eminent  votaries.' 

The  testimony  which  follows  in  the  Ehge  to  the  faculty  for 
business  manifested  by  Hamilton  in  his  discharge  of  the  office 
of  President  of  the  Boyal  Irish  Academy  has  been  quoted  in  the 
second  volume  of  this  work,  page  245,  and  need  not  be  here 
repeated.    Dean  Graves  then  proceeds  : — 

' .  .  .  A  mathematician  endowed  vnth  such  original  powers  as 
Hamilton  possessed  might  have  been  excused,  if,  yielding  to  the 
natural  temptation  of  waiting  for  casual  inspirations,  he  had 
carried  on  his  labours  in  a  desultory  or  unsystematic  manner. 
To  such  temptetions — and  no  doubt  he  felt  them — he  rose  superior. 
He  was,  on  the  contrary,  remarkable  for  the  diligence  and  method 
with  which  he  performed  all  his  work.  These  qualities  are  evi- 
denced by  the  number,  nLagnitude,  and  importance  of  his  published 
works.  There  was  no  minute  care,  even  in  matters  of  typographi- 
cal nicety,  which  he  disdained  to  expend  upon  them.  And  in  his 
MS.  books,  carefully  written,  and  vrith  dates  marking  from  day  to 
day  the  progress  of  his  scientific  life,  he  recorded  all  his  medita- 
tions, aU  the  calculations  through  which  he  passed  in  his  appar- 
ently fruitless,  as  well  as  in  his  most  successful,  researches.  These 
volumes,  many  of  them  veiy  large,  and  numbering  about  sixiy. 
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have  been  deposited  in  the  library  of  Trinity  College.  They  will 
supply  to  future  historians  of  soienoe  the  most  precious  materials 
illustrating  the  development  of  Hamilton's  discoveries.  They  will 
exhibit,  doubtless,  germs  of  thought  suggestive  to  others  of  new 
discoveries.  They  record  a  great  cammercium  epistolicum — ^his 
correspondence  with  the  most  distinguished  scientific  men  of  his 
own  age.  Nay,  more,  they  will  be  found  to  contain  memoirs  on  a 
variety  of  subjects,  complete  in  themselves,  and  carefully  elaborated, 
but  which  he  had  abstained  from  publishing,  either  because  they 
were  unconnected  with  the  greater  works  which  he  had  in  hand, 
or  because  he  hoped  to  develop  them  more  fully  at  some  future 
time.  It  is  to  be  hoped  that  they  will  yet  see  the  light,  and  like 
the  posthumous  memoirs  of  Euler,  inspire  us  with  a  feeling  that 
their  great  author  is  still  holding  converse  with  us.  It  will  be  a 
satisfaction  to  the  members  of  this  Academy  to  be  told  that  his 
Elements  of  Quaternions — the  work  upon  which  he  was  engaged 
with  most  unceasing  activity  for  the  last  two  years — is  all  but 
complete.  I  have  reason  to  know  that  at  no  period  of  his  life — 
not  even  when  he  was  in  the  prime  of  health  and  youthful  vigour — 
did  he  apply  himself  to  his  mathematical  labours  with  more  devoted 
diligence.  Those  who  did  not  actually  know  how  he  was  employed, 
or  who  had  formed  a  false  estimate  of  his  character,  might  imagine 
him  indolently  reposing  upon  his  laurels,  or  pursuing  his  studies 
in  a  desultory  way.  Such  a  conception  of  them  would  be  the  very 
opposite  to  the  true  one.  His  diligence  of  late  was  even  excessive 
— interfering  with  his  sleep,  his  meals,  his  exercise,  his  social 
enjoyments.    It  was,  I  believe,  fatally  injurious  to  his  health.' 

I  wiU  not  refrain  from  adding  the  prognostication  with  which 
the  Eloge  concludes : — 

*  Believe  me,  gentlemen,  the  fame  of  Sir  William  Rowan 
Hamilton,  great  as  it  was  during  his  lifetime,  will  become  yet 
greater  when  the  world  has  been  furnished  with  materiab  enabling  it 
more  perfectly  to  estimate  the  variety  and  richness  of  his  endowments 
and  the  value  of  the  services  which  he  has  rendered  to  science. 
His  reputation,  even  now,  does  not  rest  on  the  partiality  of  friends 
and  countrymen.  The  learned  men  of  all  lands  have  already 
declared  him  worthy  of  the  highest  honours  which  can  be  paid  to 
intellectual  eminence.     This  world-wide  recognition,  at  the  present 
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time,  of  his  genius  and  discoveries,  affords  us  a  sure  pledge  and 
earnest  of  the  perpetuity  of  his  reputation,  and  warrants  us  in 
regarding  his  name  as  a  glory  which  is  not  to  pass  away  from  the 
soientifio  and  literary  ohaplet  of  Ireland.  And  in  this  fact  and 
this  anticipation  we  may  thankfully  and  happily  behold  a  full 
justification  of  his  own  early,  and  it  might  have  been  feared 
enthusiastic,  aspirations — of  his  deep  and  generous  consciousness 
that  he  was  intrusted  with  faculties  and  powers  capable  of  achiev- 
ing in  the  noblest  fields  of  thought  a  worthy  fame  both  for  himself 
and  for  his  country/ 

It  wiU  be  interesting  here  to  recaU,  in  connexion  with  the 
reference  made  by  Dean  Qraves  to  the  early  aspirations  of 
Hamilton,  a  passage  in  a  journal  written  by  him  when  a  youth 
of  twenty,  in  which  he  deliberately  renews  for  himself  words  of 
aspiration  to  which  he  had  given  expression  at  a  still  earlier  time. 
Recording  the  effect  produced  upon  him  by  the  contemplation  of 
a  great  work  like  the  Principia  or  the  Micanique  CSkstCy  he  goes 
on  to  say,  in  words  combining  modesty  and  strength  :— 

*  When  I  see  how  much  others  have  done,  and  contrast  with  it 
the  little  to  which  I  have  attained,  the  effect  is  painful  but  salu- 
tary. It  seems  practically  to  impress  that  eminence  ceumot  be 
attained  without  exertion ;  it  teaches  modesty  of  the  most  genuine 
kind,  and  in  the  most  natural  manner ;  at  the  same  time  it  acts  as 
a  powerful  stimulus,  and  kindles  the  ardour  of  my  aspiring  after 
that  fame  which  (as  I  once  expressed  it  in  a  letter  to  my  uncle)  is 
the  **  meed  which  Genius  and  Industry  when  united  have  some- 
times been  so  fortunate  as  to  obtain,  with  the  world  for  their  arena, 
and  all  time  for  the  tribunal ;  which  has  wedded  to  immortality 
some  favoured  names,  and  marked  out  some  individuals  as  the 
instructors  of  mankind." '     (Vol.  i.  pp.  206-7.) 

A  few  words  in  a  letter  from  Sir  John  Herschel  to  Lord 
Dunraven  seem  to  me  with  great  power  to  express  a  truth  of  high 
value  in  reference  to  Hamilton's  enthusiasm.    He  writes : — 

VOL.  III.  Q 


226  Life  of  Sir  William  Rowan  Hamilton.         [1865. 


From  Sir  John  F.  "W.  Herschel  to  the  Earl  of  Dunraven. 

'  CoLLiVGWOOD,  December  19,  1865. 

^  Mt  dear  Lord  Dunraven — ^A  great  many  thanks  to  you  for 
sending  me  Dean  Grraves's  Eloge  on  Sir  William  B.  Hamilton, 
"which  is  admirable ! — in  perfect  good  taste,  and  not  a  word  more 
than  was  fully  deserved. 

'He  was  indeed  a  most  admirable  person,  and  a  most  truly 
amiable  and  high-souled  one.  Nothing  but  so  much  greatness 
oould  have  made  so  much  enthusiasm  only  what  was  natural — 
and  nothing  but  so  much  enthusiasm  could  have  caiiied  him  on 
to  so  much  greatness.' 

An  Eloge  of  high  tone  and  ability  was  also  pronounced  on 
Hamilton,  in  the  year  1866,  by  the  Eev.  Charles  Pritchard,  at  that 
time  President  of  the  Boyal  Astronomical  Society;  and  to  the 
September  number  in  the  same  year  of  the  North  British  EevieiCy 
Professor  Tait  contributed  a  lucid  and  powerful  exposition  of 
Hamilton's  scientific  achievements,  interesting,  from  its  style  and 
substance,  alike  to  the  general  reader  and  the  student  of  science, 
and  worthy  of  a  disciple  whom  Hamilton  in  one  of  his  latest  notes 
to  the  Elements  of  Quaternions  (p.  75S,  note)  designated  as 
'eminently  fitted  to  carry  on,  happily  and  usefully,  this  new 
branch  of  mathematical  science,  and  likely  to  become  in  it .  .  .  one 
of  the  chief  successors  to  its  inventor.' 

From  these  testimonies  of  eminent  Men  of  Science  I  turn  for 
the  last  word  to  the  Poet  Friend,  known  to  Hamilton  for  five-and- 
thirty  years,  and  at  the  end  of  fifteen  additional  years  uttering  in 
verse  an  affecting  proof  that  the  feeling  of  admiring  and  affec- 
tionate friendship  was  in  his  heart  as  deep  and  fresh  as  ever. 

I  have  already  given  to  the  reader  one  of  two  sonnets  written 
by  Aubrey  DeYere,  in  1880,  in  memory  of  Hamilton.*   Addressed 


•  Svpra,  p.  169. 
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to  the  spirit  of  his  friend,  it  recalls  attributes  of  his  character 
which  may  here  fitly  be  reproduced: — 

'  Thy  soul  translucent,  yet  thine  insight  keen, 
Thy  heart's  deep  yearnings  and  perpetual  youth ; 
Thy  courtesy,  thy  reverence,  and  thy  truth — ' 

The  sonnet  which  I  reserved  is  the  following  retrospect  of  their 
friendship ;  it  sets  before  us,  in  succession,  the  two  congenial  com- 
panions united  in  the  noblest  aspirations ;  the  survivor,  filled  with 
'beaming  memories';  the  departed,  at  the  last  in  fuU  secure 
possession  of  the  truth  he  loved.  Who  can  repress  the  hope  that 
they  will  be  re-united  P — 

'  Friend  of  past  years,  the  holy  and  the  hlest, 
When  all  my  day  shone  out,  a  long  sunrise ; 
When  aspirations  seemed  but  sympathies, 
In  such  familiar  nearness  were  they  dressed ; 
When  song,  with  swan-like  plumes  and  starry  crest, 
O'er-circled  earth,  and  beat  against  the  skies. 
And  fearless  Sdenoe  raised  her  reverent  eyes 
From  heaven  to  heaven,  that  each  its  God  confessed 
With  homage  ever  widening !  Friend  beloved ! 
From  me  those  days  are  passed ;  yet  still,  oh,  still. 
This  night  my  heart  with  influx  strange  they  fill 
Of  beaming  memories  from  my  vanished  youth : 
On  thee — the  temporal  veil  by  Death  removed — 
Rests  the  great  Vision  of  Eternal  Truth ! 

-*  January  10,  1880.' 
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CHAPTER     LII 
(SXTPPLEMENTARY.) 


A    GATHERING    OF     FRAGMENTS. 

In  looking  back  over  the  letters  and  other  documents  in  my  hands, 
I  have  oome  to  the  conolusion  that  some  items,  either  accidentally 
overlooked  or  that  found  no  natural  place  in  the  biography,  have 
been  omitted,  which  nevertheless  are  worthy  of  preservation  a» 
either  expressing  a  thought  of  value  or  casting  additional  light 
upon  some  feature  of  Hamilton's  character. 

Under  the  head  last  mentioned  I  give  a  passage  from  a  frag- 
ment of  a  letter  to  Aubrey  De  Yere  which  is  undated,  but  which 
must  have  been  written  in  September,  1842  (see  mpra^  vol.  ii. 
pp.  393-4),  soon  after  his  perusal  of  Henry  Taylor's  Edwin  the 
Fair : — 

'  My  copy  of  Edwin  has  been  carried  off  by  one  of  my  nieo^ 
at  Dunsinea,  and  I  shall  only  at  this  moment  say  that  I  wbjs^ 
particularly  tickled  by  the  sketch  of  Wulfstan  the  Wise,  which, 
if  I  enjoyed  the  acquaintance  of  the  author,  I  might  have  fancied 
to  be  a  hit  at  me.  The  two  volumes  of  Tennyson  have  only  this 
instant  reached  me,  and  I  have  not  opened  them  yet.' 

The  sketch  referred  to  is  in  Edmn  the  Fair^  act  ii.  scene  2, 
where  Earl  Leolf  thus  describes  Wulfstan : — 

'  This  life,  and  aU  that  it  contains,  to  him 
Is  but  a  tissue  of  illuminous  dreams 
Fill'd  with  book-wisdom,  piotnred  thought,  and  love 
That  on  its  own  creations  spends  itself. 
All  things  he  understands  and  nothing  does. 
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Profasely  eloquent  in  copious  praise 

Of  action,  he  will  talk  to  you  as  one 

Whose  wisdom  lay  in  dealings  and  transactions ; 

Yet  so  much  action  as  might  tie  his  shoe 

Cannot  his  will  command ;  himself  alone 

By  his  own  wisdom  not  a  jot  the  gainer. 

Of  silence  and  the  hundred  thousand  things 

'lis  better  not  to  mention,  he  will  speak, 

And  still  most  wisely.'  * 

There  was  doubtless  some  ground  for  applying  such  a  descrip- 
tion to  himself y  however  he  may  have  laughingly  felt  that  in  such 
application  it  was  a  caricature,  and  we  may  remember  his  noting 
in  early  life  (vol.  i.  p.  620)  that  he  was  conscious  of  having,  like 
Coleridge,  too  much  of  the  element  of  ira0oc  in  his  mental  consti- 
tution; but  it  is  also  true  that,  when  there  was  an  adequate  call 
upon  him  for  the  exertion,  he  could  display  much  practical  ability. 
I  remember  Dr.  Humphrey  Lloyd  being  struck  by  this  after 
perusal  of  some  early  letters  to  Lord  Adare,  giving  directions 
for  the  setting  up  of  a  dial — ^letters,  however,  which  were  too 
elementary  to  print — and  I  have  already  adduced  testimony,  which 
has  been  confirmed  to  me  from  many  quarters,  of  his  power 
promptly  to  apply  in  the  way  of  practical  decision  his  thorough 
knowledge  of  the  constitution  and  laws  of  the  Eoyal  Irish  Aca- 
demy when  acting  as  its  President  A  more  adequate  estimate 
of  his  character,  drawn  by  his  own  hand,  may  be  deduced  from 
the  following  letter  to  Mrs.  Wilde,  whose  poetic  temperament 


*  The  continuation  of  the  letter  is  worth  giving  in  a  note.  Amusing  in 
itself,  it  furnishes  an  additional  instance  of  Hamilton's  obsendng  interest  in 
the  intellectual  progress  of  his  boys.  ' .  .  .  My  eldest  boy  is  not  quite  so  well 
418  usual  to-day  ...  1  was  much  amused  at  the  development  of  the  opinions  of 
his  younger  brother  [Archibald  Henry]  a  few  mornings  ago  on  the  voluntary 
principle,  which,  when  he  found  incapable  of  being  pushed  into  a  rigorous 
universality,  he  said  that  he  should  like  to  ketp  for  hitn$elf^  and  to  let  the 
involuntary  principle  apply  to  other  people.  But  William  Edwin  argued  that 
if  the  voluntary  principle  were  to  be  carried  fully  out,  each  man  might  com- 
plain of  God  for  not  giving  him  everything  he  wished  to  have — more  money, 
more  rich  fruits,  and  a  grander  and  more  beautifid  earth.' 
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sometimes  prompted  her  to  give  enthusiastic  expression  to  her 
admiration  of  Hamilton's  intellectual  powers. 

<  OBSSRTA.TORT,  F€hr\Aary  11,  1858. 

*'  You  know  that  whatever  it  may  be  at  any  time  your  pleasure 
to  say,  even  it  if  be  in  praise  of  myself,  I  submit  to  it,  from  the 
profoimd  conviction  felt  by  me  of  your  being  an  entirely  truthful 
person. 

'  Of  course  it  is  needless  to  say  that  I  am  not  to  be  considered 
as  adopting  any  expression  which  it  would  not  have  been  modest 
enough  in  iti^  to  have  first  uttered,  but  to  which  I  have  (once  or 
twice)  listened,  without  remonstrance,  from  you — ^for  the  reason 
mentioned  above. 

*  It  may  not  sound  very  consistent  with  any  such  professed 
humility  on  my  part,  if  I  say  to  you  that,  after  having  served  for 
the  Quaternions  during  fourteen  years,  and  having  (as  America 
seems  to  think)  won  my  Bachel — to  be  my  own  by  an  intellectual 
marriage — ^I  now  wish  to  wind  up  several  scientific  projects,  from 
which  those  quaternions  had  for  a  long  time  diverted  me ;  and  feel 
as  if  I  were  entering,  or  had  already  entered,  on  a  new  harvest  of 
labour  and  reputation. — ^As  to  Fame^  if  it  have  not  been  won  or 
earned  already,  it  is  not  likely  that  any  future  exertion  will  make 
it  mine. 

'  But  as  to  the  Labour  ;  that  is  a  thing  within  everybody's 
power  to  judge  of,  even  for  himself.  I  have  very  long  admired 
Ptolemy's  description  of  his  great  astronomical  Master,  Hippar- 
chus,  as  avt\p  <t>iX6irovoQ  koX  ^iXaXfidiig:  "a  labour-loving  and 
truth-loving  man." — Be  such  my  epitaph  ! 

*  Since  I  have  presumed  to  translate  (unnecessarily  for  you)  a 
bit  of  Greek  prose,  let  me  try  my  hand  at  a  small  portion  of  Latin 
verse,  of  which  I  am  reminded  by  the  subject  of  this  note.  It 
occurs  almost  at  the  end  of  Juvenal's  celebrated  Tenth  Satire : 
Johnson's  very  clever  imitation  of  which  ("Vanity  of  Human 
Wishes ")  is  not  within  my  reach  just  at  present.  The  lines  to 
which  I  refer  stand  thus  in  the  original  from  which  I  copy :  or  at 
least  in  a  book  given  me  long  ago  by  Dr.  Brinkley,  who  knew  that 
I  enjoyed  the  Classics,  and  which  is  dated,  *^  Parisiis,  1528,"  and 
is  printed  throughout  in  the  Italic  character : — 
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"'  Ut  tamen  et  poscas  aliqaid,  yoyeasqne  sacellis 
£zta,  et  candidoli  divina  tomacnla  poroi, 
Orandiim  est,  ut  sit  mens  sana  in  oorpore  sano. 
Fortem  posoe  animum,  et  mortis  terrore  carentem, 
Qui  spatiom  extremum  vitsB  inter  monera  ponat 
Naturs,  qui  ferre  queat  qnosctinqne  labores, 
Nesciat  irasci,  capiat  nihil,  et  potiores 
Herculis  sdmmnas  credat,  saevosque  labores, 
Et  yenere  et  c»nis  et  plumis  Sardanapali/' 

^  My  translation  of  a  few  minutes  ago  is  as  follows : — 

'  '*  Yet  if  thou  must  ask  something  of  the  gods, 
Pray  that  there  be  sound  mind  in  a  sound  body. 
Ask  a  firm  soul,  one  yoid  of  fear  of  death ; 
Which  may  rank  life's  last  space  with  boons  of  Nature ; 
Be  able  to  endure  whateyer  labours ; 
Be  neyer  angry  ;  coyet  nothing ;  count 
Better  the  pains  and  the  stem  tasks  of  Hercules, 
Than  pleasures,  feasts,  and  down  of  Sardanapalus." ' 

To  the  word  '  carentem/  in  his  transcript  of  the  original  passage, 
the  writer  adds  the  marginal  note,  *■  For  *'  carentem  "  a  Christian 
would  have  written  "  liberatum."  ' 

It  may  be  felt  that  in  the  two  quotations  here  given,  the  Greek 
and  the  Latin,  Hamilton  recognised  the  ideal  of  a  character  strong 
and  lofty,  the  possession  of  which  he  was  conscious  of  having 
habitually  aimed  at,  and  of  having  in  great  measure  attained. 

As  another  contribution  to  the  estimate  of  his  character,  coming 
from  his  own  hand,  I  add  a  short  extract  from  a  note  to  an  in- 
timate friend,  written  at  the  close  of  1852 : — 

* .  .  .  Indeed  I  have  much  for  which  to  seek  forgiveness  both 
from  God  and  man — but  certainly  I  have  never  caused  pain  for 
any  gratification  of  my  own.  .  .  .' 

Hamilton's  tolerance  of  opposing  opinions  has  been  noted  by 
Professor  De  Morgan  {mpra^  p.  218) ;  it  was  a  tolerance  not  of 
mere  good-nature  or  indifference.  The  following  extract  from  a 
letter  to  Mrs.  Wilde  shows  that  in  the  subjects  by  which  tolerance 
is  most  severely  tested,  religion  and  politics,  he  wisely  recognised 
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the  tnie  groond  for  toleranoe,  namely,  the  large  extent  over  which 
persons  of  good  sense  and  good  feeling  were  at  one,  however  they 
might  differ  in  religious  creed  or  political  party : — 

*  In  religion  and  politics  men  can't,  they  ought  not  to  think 
one  view  as  good  as  another.  We  must  not  say,  like  Tooks  in 
Domhey,  it  is  '^  of  no  consequence  at  all " :  but  each  may  give  his 
neighbour  credit  for  being  as  sincere  as  himself.  I  think,  how- 
ever,  that  with  most  people  who  do  not  vigorously  shut  their 
hearts  against  receiving  impressions  from  others,  and  who  mingle 
at  all  with  the  world,  or  even  read  pretty  freely,  there  grows  up 
gradually  a  feeling  that  for  the  most  essential  purposes  of  life, 
including  thoughts  and  conduct,  people  who  differ  can  yet  sympa- 
thise with  one  another.' 

The  sonnet  which  I  here  introduce  would  have  been  inserted 
after  Hamilton's  letter  of  January  80,  1835,  to  Aubrey  De  Yere, 
had  it  not  been  accidentally  overlooked  by  me.  It  was  written  at 
the  conclusion  of  some  weeks  spent  at  the  Observatory  in  solitude, 
and  on  the  point  of  his  starting  to  pay  a  short  visit  to  his  wife  and 
child,  and  Mrs.  Bayly,  at  Bayly  Farm,  near  Nenagh  (see  voL  ii. 
pp.  118,  120).    Mrs.  Bayly  was  the  '  Mother '  of  the  last  line. 

*  Draws  to  its  close  a  melancholy  while, 
A  long  long  night  of  absence ;  from  the  sky 
Melts  off  the  solid  gloom ;  pale  phantoms  fly, 
And  soon  the  blushing  dawn  will  brightly  smile; 
And  like  a  man  who  many  a  weary  mile 
Hath  travelled  lonely,  if  at  length  his  eye 
Discern  the  wish'd  for  fountain,  so  feel  I, 
A  traveller  near  the  Sources  of  the  Nile. 
What  I  have  pined  for,  what  has  been  a  power 
Guiding  my  steps  through  time  as  his  through  space, 
Imagined  tJiough  unseen,  will  face  to  face 
Repay  me  soon  for  many  a  lonely  hour : 
When  I  shall  clasp,  in  a  remember'd  bower. 
Mother  and  wife  and  child  in  long  embrace. 

'  Obsiebvatoby,  January  31,  1835.' 

This  sonnet  is  a  strong  proof  of  the  affectionate  feeling  whioh 
Hamilton   never  ceased   to  cherish  towards   his  wife.     Other 
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instanoes  have  been  given.  Tet  it  oannot  be  denied  that  the  whole 
course  of  their  married  life  proved  the  justness  of  her  early  fore- 
boding, arising  from  a  sense  of  weak  health,  both  of  bodj  and 
mind,  that  she  was  not  fitted  to  sustain  the  burden  of  duties  pro- 
perly devolving  upon  a  wife  in  her  position.  The  following 
letter  I  impart  to  the  reader,  principally  because,  written  when 
he  had  been  more  than  twenty  years  her  husband,  it  manifests  the 
continued  warmth  of  his  conjugal  affection,  and  the  considerate 
thoughtfulness  of  a  true  paterfamilias,  and,  at  the  same  time, 
shows  how  he  could  even  to  herself  playfully  allude  to  her  extreme 
shyness  and  retiredness.  I  remember  hearing  Dr.  Lloyd  say  that 
he  had  been  often  at  the  Observatory,  but  had  never  seen  Lady 
Hamilton. 

*LiT£EPOOL,  September  27,  1854. 

^  My  dbarbst  Helen — The  Association  has  just  been  adjourned 
to  Gf^lasgow,  to  which  place  I  had  moved,  in  the  G-eneral  Committee, 
that  we  should  go  next  year.  They  got  me  up  to  make  another 
speech,  just  now,  proposing  thanks  to  the  foreigners,  and  I  came 
out  with  flaming  allusions  to  the  war  and  our  French  allies.  I 
mentioned  my  having  learned  mathematics  chiefly  from  French 
books,  but  said  that  the  authors  of  them,  as  I  had  never  visited 
Paris,  had  appeared  to  me  almost  as  abstract  ideas.  (You  know 
that  Lady  Hamilton  was  once  called  by  Dr.  Eobinson  *'  an  abstract 
idea.")  But  I  amused  the  audience  by  turning  to  the  fat  little 
Abb^  Moigno,  of  whom  Will  has  heard  me  speak  in  connexion  with 
Gauchy,  and  who  was  sitting  near  me,  and  by  saying,  '^For  instance 
I  had  thought  the  Abb^  here  to  be  an  abstract  idea :  but  I  think  that 
you  will  all  agree  with  me  in  considering  him*  to  be  a  very  oon- 
Crete  and  a  very  pleasant  body " !  Arch  promises  you  that  he 
will  not  become  a  *^damp  unpleasant  body,"  if  he  can  help  it. 
But  he  ought  to  have  written  to  you  ere  this.  Indeed  I  know 
that  he  did  begin  a  letter  on  the  day  of  our  arrival  here,  but  mis« 
laid  it  among  my  papers.  He  seems  to  have  enjoyed  himself 
greatly.  I  am  quite  tired  after  all  the  meetings  I  have  attended 
to-day,  and  yet  hope  to  attend  another  to-night,  after  resting  a 
little  at  my  lodgings.  I  cannot  write  to-day  to  anyone  but  you, 
but  please  to  tell  dear  Moo  [pet-name  of  his  daughter]  that  I 
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rebuke  to  others.  A  young  lady,  who  was  living  with  me  in 
Dublin  at  one  time  said,  ^'  I  never  saw  so  polite  a  gentleman  as 
jour  brother ;  I  think  he  would  almost  bow  to  a  cat; "  and  I  was 
reminded  of  her  and  amused  him  by  repeating  this  to  him  one  day, 
when  accidentally  he  did  tread  upon  the  cat's  paw,  and  turned 
round,  and  smiling  said,  "I  was  going  to  say,  I  beg  your 
j)ardon." ' 


feeling  consideration  for  all  living  things  around  him 
4rew  towards  him  from  them  unbounded  confidence.  One  instance 
of  this  made  a  deep  impression  on  those  who  witnessed  it,  and 
indeed  it  was  an  occurrence  fitted  to  excite  and  to  excuse  a  some- 
what superstitious  wonder.  On  a  Whitsunday  morning,  as  he  was 
reading  prayers  in  the  centre  of  his  assembled  household,  a  dove 
flew  in  through  the  open  window  and  settled  on  his  head ;  it  was 
imdisturbed  by  Hamilton,  who  continued  to  read,  and  after  an 
interval  it  peacefully  fiew  out. 

It  is  not  on  record,  I  believe,  that  he  ever  killed  or  even  struck 
in  anger  his  mute  fellow-creatures.  A  single  exception,  not  un- 
-characteristic,  in  regard  to  the  latter  statement,  is  related  by  his  son 
as  told  by  himself.  Finding  the  greyhound.  Smoke,  one  day  tearing 
<a  Book  of  Common  Prayer  in  the  library,  he  thought  it  his  duty,  at 
some  personal  risk,  to  inflict  upon  him  a  serious  chastisement. 
*  This,'  Mr.  W.  E.  Hamilton  says,  ^  was  in  his  High  Church 
<[ays.'  That  he  possessed  abundant  physical  courage,  and  a 
strong  sense  of  personal  dignity,  was  habitually  manifested  by 
him:  one  illustration  is  the  fact,  that  in  his  earlier  days  he 
challenged  to  a  duel  a  member  of  the  Boyal  Irish  Academy, 
who,  as  he  conceived,  had  impugned  his  honour  or  truth.  His 
friend.  Colonel  Larcom,  whom  he  engaged  as  his  second,  suc- 
ceeded in  obtaining  for  him  adequate  verbal  satisfaction. 

On  the  authority  of  Hamilton's  intimate  friend.  Dr.  Samuel 
O'Sullivan,  the  following  report  of  an  interchange  of  compliments 
between  Wordsworth  and  Hamilton  has  been  oonmiunicated  to 
me:  the  circumstance  that  only  an  astronomer  could  have  im- 
agined such  a  reply  seems  to  authenticate  the  anecdote: — 
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*  When  Wordsworth  visited  Hamilton  at  the  Observatory  [in 
1829]  he  took  occasion  to  saj,  ^'I  feel  happy  in  a  pleasure 
rarely  enjoyed  by  me,  that  of  being  in  the  company  of  a  man 
to  whom  I  can  look  up."  ^*  If  I,"  replied  Hamilton,  ^*  am  to  look 
down  on  you,  it  is  only  as  Lord  Bosse  looks  down  in  his  telescope 
to  see  the  stars  of  heaven  reflected."  ' 

A  reply  of  Hamilton's,  more  in  his  style,  calls  for  record. 
When  asked  whether  he  accepted,  as  expressing  a  truth,  Locke's 
comparison  of  the  state  of  the  human  mind  at  birth  to  a  sheet  of 
white  paper,  he  said,  *  Yes,  but  ruled  paper ' :  an  answer  pregnant 
with  much  of  his  philosophy ;  which  in  outline  admits  perhaps  of 
no  nobler  adumbration  than  it  has  received  from  Wordsworth  in 
the  lines  which  form  part  of  what  he  calls  the  ProspecttM  of  his 
poem,  *  The  Beoluse  ' : — 

'  while  my  voioe  proolaims 
How  exquisitely  the  individual  Mind 
(And  the  progressive  powers  perhaps  no  less 
Of  the  whole  speoies)  to  the  external  World 
Is  fitted :  and  how  exquisitely,  too, 
Theme  this  hut  little  heard  of  among  Men, 
The  external  World  is  fitted  to  the  Mind ; 
And  the  creation  (hy  no  lower  name 
Can  it  he  called)  which  they  with  hlended  might 
Accomplish.' 

It  will  be  remembered  how  emphatically  Hamilton  distin- 
guished in  the  mind  the  faculty  of  Intellect  from  the  faculty  of 
Faith.  He  felt,  if  I  recall  rightly  what  I  heard  from  him,  that 
no  small  part  of  the  proof  of  the  existence  of  G-od  rested  upon  the 
fact  that  the  great  Idea  fills,  as  no  other  idea  can  fill,  the  aspira- 
tion of  Faith.  In  one  of  his  Manuscript  Books  (I.  1864,  pp. 
1512)  Hamilton  transcribes  from  pencilled  notes  of  1852,  one 
upon  Pantheism.  Confessing  that  Coleridge's  statement  does  not 
produce  in  me  the  satisfaction  it  appears  to  have  given  to  Hamil- 
ton, I  produce  the  note  principally  on  account  of  the  comparison, 
in  regard  to  mathematics  applied  to  metaphysical  reasoning,  of 
Coleridge  and  Eant.* 

*  See  YoL  ii.,  pp,  137, 142. 
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*  Pantheism,  much  more  than  Popeiy,  appears  to  be  the  danger 
of  our  age.  Coleridge  oonf essed  to  me,  and  regretted — ^the  confes- 
sion indeed  was  needless,  but  the  regret  was  interesting — ^that  he 
had  never  studied  mathematics.  Accordingly,  in  his  philosophical 
writings,  as  a  general  rule,  his  mathematical  illustrations  have 
seemed  to  me  to  obscure  the  subject  (while  those  of  Eant  throw 
light  upon  every  point  to  which  he  applied  mathematics).  But  I 
must  make  one  signal  exception,  on  this  very  subject  of  Pantheism, 
Coleridge's  mathematical  illustration  of  it  appearing  to  me  to  be 

perfect. 

Let  O  (said  he)  stand  for  Gt)d, 

and  IT  for  the  World  : 

then  theist  and  pantheist  agree  in  asserting  the  formula, 

JT-G-O; 

"The  World,  without  Qt)d,  is  nothing."  But,  continued  Cole- 
ridge, the  pantheist  inverts  the  formula,  and  says  also, 

or,  "  God,  without  the  World,  is  nothing."  Whereas  (he  said)  the 
theist,  on  the  contrary,  asserts  that 

or  that  "  Gt)D,  tDithout  the  manifestation  of  himself,  which  he  has 
been  pleased  to  make  in  his  created  Universe,  would  still  have 
been  the  same  personal  OodJ' ' 

Turning  now  to  Hamilton's  own  subject  of  Quaternions  I 
transcribe  a  page  from  another  of  his  Manuscript-Books  (M.  1848. 
p.  73)  which  displays  what  was  with  him  a  favourite  stanza  of 
Beattie's  Minstrel^  and  adds  a  comment.  One  can  imagine  how 
pleased  was  the  inventor  of  Quaternions  with  its  opening  lines : — 

From  Beattis's  Minstrel, 

<  And  Reason  now  through  Number,  Time,  and  Space, 
Darts  the  keen  lustre  of  her  serious  eye ; 
And  learns  from  facts  compared  the  laws  to  trace, 
Whose  long  progression  leads  to  Deity. 
Can  mortal  strength  presume  to  soar  so  high  I 
Can  mortal  sight,  so  oft  bedimmed  with  tears, 
Such  glory  bear ! — ^for  lo,  the  shadows  fly 
From  Nature's  face ;  confusion  disappears. 
And  Order  charms  the  eyes,  and  harmony  the  ears.* 
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*'  I  had  copied  the  foregoing  extract  from  Beattie  into  another 
hook,  long  hefore  I  thought  of  the  Quaternions ;  hut  it  after- 
wards occurred  to  me  that  there  was  at  least  some  distant  analogy 
hetween  the  view  of  science  taken  in  this  passage,  and  that  which 
I  sought  to  emhody  in  the  two  following  lines  of  my  own  Sonnet 
entitled  the  TetractySj  which  was  one  of  the  two  that  were  jointly 
called  by  me  "  BecoUections  of  CoUingwood."  * 

**  And  how  the  One  of  Time,  of  Space  the  Three, 
Might  in  the  chain  of  Symhol  girdled  be."  ' 

Early  in  1866  Mr.  W.  E.  Hamilton  furnished  me  with  some 
memoranda  made  by  him  respecting  his  father's  habits  of  work 
and  traits  of  character,  the  substance  of  which  I  here  reproduce  as 
the  truthful  notes  of  an  observer  possessed  of  special  advantages. 

It  will  be  remembered  by  the  reader  of  this  biography  that 
Hamilton  was  accustomed,  even  up  to  the  last  year  of  his  life,  to 
work  continuously  in  mathematical  research  or  arithmetical  calcu- 
lation for  very  many  consecutive  hours,  the  processes  entered  upon 
often  requiring  for  completion  such  prolonged  labour.  To  stop  in 
the  middle  and  rest  he  found  impossible,  for  the  mind  would  still 
work  on,  whether  he  laid  down  the  pen  or  not,  and  he  feared  to 
lose  the  thread  of  argument  or  investigation.  To  continue  to  the 
€nd  a  task,  in  which  good  progress  had  been  made,  required,  as  he 
was  convinced,  support  and  stimulus  for  the  brain,  and  this  he 
administered  to  himself  in  the  injurious  form  of  porter  taken  in 
£mall  sips  as  he  felt  fatigued.  The  need  thus  experienced,  con- 
nected as  it  was,  with  his  disinclination  to  be  disturbed  at  his  work 
by  regular  meals,  was,  according  to  his  son's  testimony,  the  prin- 
•cipal  cause  of  his  recourse  to  alcoholic  stimulant,  for  which  he 
admits  that  his  father  had  besides  a  constitutional  proclivity,  as 
well  as  a  disposition,  arising  from  his  genial  nature,  to  conform 
to  the  prevailing  custom  of  the  time  when  he  first  entered  into 
social  life. 

Mr.  Hamilton  notes  that  his  father  was  fond  of  teaching, 

*  See  vol.  ii.,  p.  625. 
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partly  from  a  genuine  desire  to  impart  knowledge  to  those  whom 
he  happened  to  address,  who,  however,  were  often  incapable  of 
receiving  it,  but  not  less^from  a  felt  necessity  of  throwing  his 
mind  into  a  didactic  attitude,'  in  order  that  he  might  put  the 
result  of  laborious  analysis  into  the  best  form  for  communication. 
I  transcribe  here  Mr.  Hamilton's  graphic  description  of  the  pro- 
cesses he  observed : — 

*  It  was  his  habit  invariably  before  making  a  communication  to 
the  Boyal  Irish  Academy  to  lecture  an  audience,  fit,  I  hope,  but 
few,  consisting  generally  of  myself  and  Thompson,  the  assistant, 
although  the  ladies  were  sometimes  present.    This  was  not  a  mere 
rehearsal,  for  the  actual  wording  in  the  B.  I.  A.  might  be  very 
different,  but  it  was  the  throwing  of  his  own  mind  into  the  didac- 
tic attitude,  and  the  satisfying  himself  that  he  had  done  so.     In 
fact  he  generally  passed  through  three  stages  :  1.  That  of  mathe- 
matical investigation  ;    2.  That  of  final   polishing ;    3.  That  of 
throwing  his  own  mind  into  the  didactic  attitude.     I  generally 
knew  when  3  was  coming,  and  anticipated  it  by  bringing  the 
black-board,  taking  care  to  have  plenty  of  chalk  ready.     Well, 
then,  he  generally  began  by  a  few  preliminaiy  scribblings  on  the 
board,  speaking  to  himself  and  rubbing  out  the  chalk  marks. 
Then  followed  a  lecture,  in  which  it  was  very  curious  to  watch  his 
tendency  to  digress.     He  would  say,  with  a  sudden  start,  **  Tea — 
wait — stop,  I  see  another  way  of  proving  this ;  let  0  log  tan  0  =  &c.^ 
.  . .  — but,  however,  this  will  keep — to  resume,  x  =  &c.    Well, 
now  we  have  killed  off  the  first  part  of  the  subject."     So  that  in 
"  lecturing  "  he  suppressed  the  digreissive  tendency,  but  in  conver- 
sation he  yielded  to  it,  and  used  often  to  say,  ^'  Well,  what  was  I 
speaking  of  just  before  P  " — "  Of,  &c.  &c." — Sir  W.,  "no — go  stiU 
further  back."    It  was  very  amusing  to  watch  Thompson — whoso 
ideas  moved  slowly,  and  who  could  only  go  a  very  small  way  in  the 
subject— standing  by,  spectacled  and  owlish,  and  chiming  in  with 
an  occasional  "  I  see."    Sometimes,  however,  my  father  threw  a 
Parthian  dart  at  him,  such  as  "Just  recapitulate  the  last  six 
equations  " ;  when  it  generally  happened  that  Spica  Yirginis  or  a 
Lyree  required  immediate  attention.     I  will  add  that  the  effort  to 
throw  his  mind  into  the  didactic  attitude  did  not  always  succeed. 
Sometimes  he  had  got  to  a  certain  stage  in  the  lecture  when  some 
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new  trabk  ol  disooverj  suggested  itself,  and  he  made  a  pause — 
noted  taffioient  to  recover  it  afterwards— and  went  on  with  the 
leoture :  io  that  the  didactio  stage  required  a  conscious  effort  in 
suppnning  the  inventive  tendency  for  the  time.' 

T7nder  the  head  ^  Procrastination/  Mr.  Hamilton  mentions  of 
his  father  that '  he  was  ahnost  invariably  late  for  church,  dinners, 
and  pnblio  meetings  of  all  kinds.'  I  think  that  Procrastination  is  not 
quite  the  right  term  for  this  short-coming.  It  arose,  in  my  opinion, 
not  frooa  a  weak  habit  of  postponing  what  he  had  determined  to 
do,  but  rather  from  a  mistaken  estimate  of  what  might  be  accom- 
plished by  him  in  the  interval  preceding  an  appointment.  He  lost 
<x>unt  of  time  when  absorbed  in  his  own  work,  and,  in  consequence, 
engagements  of  inferior  interest  were  deferred ;  some,  as  it  were, 
pushed  forward  so  as  to  entail  merely  the  lateness  spoken  of  by 
his  son ;  some  pushed  off  the  line  into  an  undefined  future.  It 
was  thus  miscalculation  of  time  as  an  element  to  be  applied  to 
practical  uses,  not  a  failure  of  intention  or  even  of  will.  He  came 
late  to  church  or  dinner,  but  stiU  he  arrived.  He  answered  a  letter 
a  month,  or  a  year,  after  he  received  it,  but  he  answered  it ;  some- 
times, indeed,  omitting  to  post  his  answer:  and  as,  speaking 
broadly,  he  forgot  nothing,  he  only  wanted  a  stretching  out  of  the 
twenty-four  hours,  or  a  boundless  extension  of  life,  to  fulfil  all  his 
obligations.  He  was  certainly  open  to  the  taunt,  friendly  or  hostile, 
that,  however  great  a  master  he  was  of  '  pure  time,'  he  was  no 
adept  in  the  management  of  sublunary  time — of  the  time  we  have 
to  deal  with  in  this  practical  world  of  ours.  And  yet,  after  all,  it 
may  be  asked.  Is  not  the  deficiency  thus  commented  on  the  almost 
inseparable  shortcoming  as  to  minor  activities  of  a  great  mind 
habitually  employed  in  doing  great  things  P*  But  the  reader 
must  not  be  deprived  of  his  son's  dramatic  exemplification  of  work 
thus  miscalculated  with  respect  to  time.  This  instance  is,  indeed, 
but  a  miniature  of  Hamilton's  repeatedly  unfulfilled  prognostica- 
tions of  the  completion  and  publication  of  his  books. 

•  See  08  to  Wordsworth,  vol.  i.,  p.  586. 
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^  Mrs.  Comerford  ooiild  give  inBtances  of  procrastination.  She 
was  much  at  the  Ohservatory,  and  often  used  to  go  into  town  for 
marketing.  One  of  Sir  William's  Laws  of  the  Medes  and  Persians 
was  ''  No  servant,  workman,  postman,  baker,  College  tradesman, 
or  other  person,  shall  go  into  Dublin  or  leave  the  Observatory 
without  giving  previous  notice  to  me."  Another,  "Any  person 
wanting  any  large  sum  {e.g.  £5)  must  give  ample  notice  (say  a 
fortnight's)  beforehand:  anyone  going  into  town  for  marketing 
and  requiring  any  small  sums  shall  give  notice  on  the  previous 
day."  Mrs.  C.  sometimes  forgot  these  rules,  and  one  day  was 
just  going  off  at,  say,  10  a.m.  Dialogue :  Mrs.  C.  "  I  am  just 
going  into  town,  uncle,  and  I  want  seven  shillings  to  get  tea,  &c. 
Have  you  anything  for  town  P  " — Sir  W.  "  Oh,  why  didn't  you 
tell  me  last  night  P  I  could  have  had  a  package  ready :  you  can 
come  up  in  about  an  hour." — 11  a.m.  Mrs.  C.  "Well,  uncle,  are 
you  ready  P  It's  11  o'clock ;  I  wish  you  would  let  me  off." — Sir  W. 
"  I  think  I'll  wait  to  write  some  letters." — Mrs.  C.  "  Shall  I  send 
the  car  round."— Sir  W.  "  Certainly  not."— Mrs.  C.  "  The  mare 
will  be  drenched." — Sir  W.  "  Tou  can  come  up  in  about  half  an 
hour."— 11.30  A.M.,  Mrs.  C,  knocking.  "  Well,  uncle !  "—Sir  W., 
with  a  groan.  "  What  is  itP" — Mrs.  C.  "It's  teeming  rain,  the 
mare  had  better  go  round." — Sir  W.  (second  groan).  "  Very  well, 
I  will  wait  for  the  evening  postman  "  (4  p.m.). — 4  p.m.,  postman 
comes.  Mrs.  C.  "  Well,  imcle,  I'll  be  late  for  shopping." — Sir  W. 
(cheerfully  and  abstractedly  to  himself).  "  Well,  at  last  I've  con- 
quered that." — Sir  W.,  to  me.  "  I've  got  the  second  elimination  in 
a  very  compact  form.  Now,  you  see  6,"  Ac. — Mrs.  C.  "  Well 
uncle,"  &c.— Sir  W.  "  Wait  a  moment."  "  Well  then  (to  me)  I 
see  a  very  simple  way — stop,  don't  speak  for  a  moment." — ^Exit 
Mrs.  C,  whispering  to  me,  "  Oet  uncle  to  let  me  go  or  the  shops  will 
be  shut,  and  our  candles  are  out." — 6  p.m.,  Mrs.  C.  (almost  crying), 
"  TJnde,  the  shops  will  be  closed  if  you  don't  let  me  off." — Sir  W. 
"  yT^  L  =  Well,  I'll  not  mind  writing  any  letters.  I'll  not  keep 
you." — Mrs.  C.  "  But  you  did  not  give  me  the  seven  shillings." — 
Sir  W.  "  Tou  should  have  told  me  before.  However,  mind  I'm 
not  keeping  you." — ^Exit  Mrs.  C,  in  despair.' 

Mr.  Hamilton  does  not  report  much  in  connexion  with  religion, 
but  states  that  his  father  did  not  hold  the  verbal  inspiration  of 

\ 

\ 
\ 
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Scripture,  and  that  he  used  to  express  a  helief  in  the  semi-inspira- 
tion of  Milton :  that,  attaching  high  importance  to  the  doctrine  of 
the  Besurrection  of  the  Body,  he  helieved  it  to  be  a  necessary  but 
sufficient  condition  that  the  risen  body  should  contain  identically 
some  material  particle  or  particles  of  the  old  body,  however  enter- 
ing into  new  chemical  or  organic  combinations.  He  did  not 
hold  with  the  revivalists  that  it  was  the  duty  of  laymen  to  try  to 
convert  others,  but  he  considered  it  every  Christian's  duty,  when 
infidel  opinions  were  delivered  in  his  hearing,  to  assert  his  own 
belief ;  a  duty  at  least  on  one  occasion  publicly  fulfilled  by  himself. 

I  may  conclude  this  Chapter  of  Fragments  by  recording  what 
I  had  the  pleasure  of  hearing  this  summer  (1887)  firom  Professor 
Sylvester :  that  he  had  lately  f oimd,  in  Hamilton's  Memoirs  con- 
nected with  Mr.  Jerrard's  Eesearches  as  to  the  solution  of  equa- 
tions of  the  fifth  degree,  a  discovery  of  Hamilton  which  had 
unaccountably  failed  to  attract  from  succeeding  mathematicians 
the  attention  it  deserved.  Professor  Sylvester  has  made  further 
development  of  this  discovery,  which  he  has  communicated  to 
Crelle^B  Journaly  and  to  the  Tramactians  of  the  Boyal  Society,  in 
a  memoir  entitled  On  Hamilton^ a  Numbers,  and  he  mentioned  to 
me  as  a  remarkable  fact,  that  the  first  step  in  this  direction  was 
made  by  Bring  in  the  year  1786 ;  the  next,  and  most  important, 
by  Hamilton,  fifty  years  after,  in  1836 ;  and  the  extension  by 
himself  at  the  end  of  another  fifty  years,  in  1886.  This  is  an 
example  of  a  published  result  which,  having,  been  long  neglected, 
has  been  at  last  recognised  as  valuable,  and  turned  to  account. 
I  cannot  but  hope  that  among  Hamilton's  unpublished  manu- 
scripts may  be  found  other  mathematical  results  worthy  of  being 
given  to  the  public,  and  likely  to  exercise  profitably  the  attention 
of  mathematicians. 
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In  the  ensmng  pages  the  reader  is  presented  with  a  copious  selection 
from  the  very  active  correspondence  which  commenced  in  1841  and  was 
carried  on,  though  with  long  intermissions,  up  to  the  last  year  of  Sir  W. 
R.  Hamilton's  life,  between  him  and  Professor  De  Morgan.  It  will  be 
found  to  be  of  interest  not  only  to  the  scientific  but  also  to  the  general 
reader.  Had  it  been  exclusively  mathematical,  I  should  haye  left  it  to 
take  its  place  in  his  purely  scientific  correspondence,  of  which  there  are 
large  remains.  Its  title  to  be  thus  connected  with  the  biography  arises 
from  the  fact  that  in  it,  upon  subjects  outside  mathematics,  the  wit  of 
Be  Morgan  and  the  geniality  of  Hamilton,  the  mutual  confidence,  the 
comprehensive  sympathies,  and  the  honest  divergencies  of  the  two  friends 
found  free  and  characteristic  expression ;  while,  at  the  same  time,  so  often 
does  the  scientific  element  suggest  the  non-scientific,  that  it  would  be 
impossible  without  injury  to  both  to  part  one  from  the  other. 

When  about  to  transmit  to  me  the  correspondence,  Professor 
De  Morgan,  in  terms  which  demand  my  grateful  acknowledgment,  wrote 
to  me  as  follows : — 

*  91,  Adblaidb  Boad,  N.  W.,  July  17,  1866. 

<  I  have  a  letter  from  young  Hamilton,  who  is  off  to  the  New  World 
before  I  could  answer,  asking  me  to  transmit  to  you  Kowan  Hamilton's 
letters  to  and  from  me  for  selection.  This  I  shall  be  very  glad  to  do ; 
but  you  will  find  them  an  unsorted  mass.  If,  however,  you  are  going  to 
set  to  work  at  a  biography,  you  will  find,  as  I  have  done,  that  a  man  must 
sort  for  himself,  let  who  will  try  to  precede  him.  Secondly,  with  refe- 
rence  to  his  request  that  I  would  pencil  anything  I  want  to  be  omitted,  I 
shall  do  no  such  thing.  I  will  trust  to  your  general  intention  not  to 
insert  anything  that  would  give  pain  to  the  living  or  offence  to  the 
nearest  of  kin  to  the  dead.  I  think  it  unlikely  that  I  should  strike 
anything  out  of  my  own,  unless  something  should  occur  which  there 
could  be  no  doubt  about,  and  this  you  would  be  sure  to  settle  without 
me.* 

In  making  the  following  selection  it  has  been  my  study  to  observe 
the  rule  here  laid  down. 

» 

A  few  of  the  earlier  letters  have  been  already  inserted  in  the  second 
volume  of  this  work,  but  it  has  been  thought  expedient  to  reprint  them 
in  their  proper  places  in  the  correspondence. 
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CORRESPONDENCE 


BETWEEN 


sir  william  eowan  hamilton  and  professor 

aiigustus"de  morgan. 


From  Professor  De  Morgan  to  Sir  W.  E.  Hamilton. 

*  69,  GowBR-STBEET  [Loksok],  May  8,  1841. 

*  Mt  Dear  Sir  William — ^I  hardly  know  whether  you  remem- 
ber that  we  made  a  little  personal  acqnamtanoe,  some  twelve  years 
ago,  when  you  were  in  London. 

*  I  take  this  opportunity  of  leaving  my  card  with  you  in  the 
aooompanying  form*  by  the  post. 

*  I  shall  be  very  glad  to  see  the  Theory/  of  Triplets  pointed  at  in 
your  Paper  on  Algebra;  time-triplets  or  spaoe-triplets,  I  don't 
oare  which. 

'  In  the  meantime,  I  remain  yours  very  faithfully, 

^A.  De  Morgan.' 

li'om  Sir  W.  B.  Hamilton  to  Professor  De  Morgan. 

<  Observatobt  of  TRiirnY  Collsob,  Dttbldt, 

'May  12,  1841. 

*My  Dear  Sir — I  have  within  these  few  minutes  received 
your  Paper  On  the  Foundation  of  Algebra^  and  have  hastily  cast 

*  Professor  De  Morgan's  first  Paper  On  the  Foundation  of  Algebra,  published 
in  vol.  vn.y  part  ii.,  of  the  Cambridge  Philosophical  Transactions,  See  Preface 
to  Lectures  on  Quaternions,  p.  (41). 
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mv  eye  over  it,  intending  to  read  and  think  about  it  afterwards. 
The  handsome  manner  in  which  you  have,  there  and  elsewhere, 
expressed  yourself  respecting  me,  would  render  it  impossible  for 
me  to  be  offended  at  the  expression  of  some  difference  of  opinion, 
even  if  such  difference  should  turn  out  to  be  grave  and  irremovable. 
I  am  very  sensible  that,  besides  general  dulness  and  heaviness  of 
style,  there  is  too  much  obscurity,  in  my  Essay  on  Algebra  as  the 
Science  of  Pure  Time,  and  one  thing  I  am,  and  was,  prepared  to 
admit,  nay,  if  it  had  seemed  needful,  to  contend  for,  that  Algebra 
does  not  require,  for  its  foundation  as  a  Science,  any  knowledge  or 
conception  of  the  actual  succession  of  events,  or  of  the  relation 
of  cause  and  effect;  continuous  progression  appeared,  and  still 
appears,  to  me  sufficient;  but  this,  I  thought  and  think,  is 
the  essential  element  in  the  conception  of  what  I  call  pure 
time.  Whether  I  am  right  in  using  this  last  form  of  expression 
is  in  a  great  degree,  nay,  almost  wholly,  a  metaphysical  question, 
in  deciding  which  for  myself  I  confess  that  I  have  been  much 
influenced  by  study  of  Kant's  '^  Pure  Beason,"  and  let  me  own 
that  I  am  not  prepared  to  decide,  with  you,  that  it  is  possible  for 
a  human  mind  to  ^^  imagine  a  given  length  to  be  instantaneously 
generated,  no  one  portion  of  it  coming  into  the  thoughts  before  or 
after  another,"  in  opposition  to  the  teaching  of  Eant,  which  seems 
to  me  to  be  confirmed  by  my  own  consciousness,  that  ''we  can 
think  to  ourselves  no  line,  without  drawing  it  in  thought"  (wir 
konnen  uns  keine  linie  denken,  ohne  sie  in  Gedanken  zu  ziehen). 
Kant  adds,  ''nor  even"  (we  cannot  even  form  the  thought  of) 
"  time  itself,  except  by  drawing  a  straight  line,  to  serve  as  its  external 
construction,  giving,  however,  attention  only  to  the  process  of  that 
synthesis  of  the  manifold  whereby  we  successively  determine  the 
inner  sense,  and  thereby  attending  only  to  the  successiveness  of  this 
determination  "  (und  selbst  die  Zeit  nicht  [denken  konnen],  ohne, 
in  dem  wir  im  Ziehen  einer  geraden  linie,  die  die  ausserlich  figur- 
liche  Yorstellung  der  Zeit  seyn  soil,  bloss  auf  die  Handlung  der  Syn- 
thesis des  Mannigfaltigen,  dadurch  wir  den  inneren  Sinn  successiv 
bestimmen,  und  dadurch  auf  die  Succession  dieser  Bestimmung  in 
demselben,  Acht  haben).  I  cannot  say  whether  this  passage  was 
in  my  recollection  when  I  was  drawing  up  my  Paper  on  Algebra, 
but  I  remember  that  a  similar  train  of  thought  prevented  me  from 
yielding  to  the  suggestions  of  some  friends,  who  were  of  opinion 
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that  without  much  impairing  the  statement  of  my  own  view  I 
should  be  likely  to  escape  much  opposition  if  I  contented  myself 
with  speaking  of  continuous  succession,  or  progression,  without 
introducing  the  jealousy-exciting  name  of  Time.  At  all  events, 
to  show  how  naturally  my  view  of  algebra  falls  in  with  Kantian 
views  of  mind,  though  I  am  not  aware  that  it  presented  itself  to 
Kant  himself,  or  to  any  of  his  commentators  or  disciples  (with 
whose  writings  indeed  I  am  but  slightly  acquainted),  before  the 
publication  of  my  Essay,  I  may  mention  that  in  a  work  labelled 
Kanfa  Metaphym  of  Ethics^  translated  by  J.  JF.  Semple  (ootavoi 
Edinburgh,  1836),  the  dependence  of  not  only  '' Arithmetic'' 
but  "Algebra,"  "the  Calculus,"  &c.,  on  the  intuition  of  time, 
is  familiarly  spoken  of,  though  without  any  reference  that  I  have 
observed  to  my  remarks,  published  the  year  before. 

^  But  you  are  not  to  consider  me  as  sworn  to  adopt  the  words 
of  Kant ;  and,  so  far  as  authority  goes,  I  gladly  own  that  I  concede 
great  weight  to  yours,  on  any  question  respecting  the  Metaphysics 
of  Mathematics.  I  remember  with  great  pleasure  my  introduction 
to  you  in  London,  and  am  glad  that  you  too  have  me  in  remem* 
brance ;  your  works,  through  presentation  or  purchase,  have  for 
the  most  part  reached,  and  interested  me. 

*  And  I  am,  my  dear  sir,  very  truly  yours, 
*  William  E.  Hamilton.* 

*P.  8.  May  14. — As  to  Triplets,  I  must  acknowledge  that 
though  I  fancied  myself  at  one  time  to  be  in  possession  of  some- 
thing worth  publishing  about  them,  I  never  could  resolve  the 
problem  which  you  have  justly  signalised  as  the  most  important  in 
this  branch  of  (future)  Algebra ;  to  assign  two  symbols  Q  and  w, 
such  that  the  one  symbolical  equation 

a  +  (Q  +  Cm  s  01  +  biQ  +  Cicii 

shall  give  the  three  equations 

a  =  01,     b  =  bif      c  =  Ci. 

But,  if  my  view  of  algebra  be  just,  it  must  be  possible,  some  way  or 
other,  to  introduce  not  only  triplets  but  polyplets^  so  as  in  some 
sense  to  satisfy  the  symbolical  equation 

a  -  (flfi,  Oa, an)\ 
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a  being  here  one  symbol,  as  indication  of  one  (complex)  thought ; 

and  ai,  a%^ a^  denoting  n  real  numbers,  positive  or  negative, 

that  is,  in  other  words,  n  dates,  in  the  chronological  sense  of  the 
word,  only  excluding  outward  marks  and  measures,  and  the  notion 
of  cause  and  effect.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

^Januarys,  1842. 

'  I  have  undertaken  for  the  Astronomical  Society  to  look  at 
Hansen  and  yourself,  with  a  view  to  see  whether  his  mode  of 
using  the  elements  of  an  orbit  has  been  forestalled  by  you. 

*  The  only  Paper  I  know  of  in  which  you  have  treated  the 
passage  from  the  general  equations  to  the  mode  of  developing 
them  is  the  "  General  Method  in  Mechanics,"  Philosophical  Trans-- 
actions^  1834.  Is  there  anything  else  which  I  ought  to  look  at  of 
yours  on  the  same  subject  P  if  so,  will  you  oblige  me  with  a  refe- 
rence to  the  locus  in  quo, 

'But  should  it  so  happen  that  you  have  studied  Hansen's 
various  Papers,  and  can  tell  me  anything  yourself  on  the  point 
without  new  trouble,  I  shall  be  very  glad  indeed  to  hear  from 
yourself  what  you  think  of  any  connexion  of  methods  which  exists 
between  the  two — yourself  and  Hansen. 

*  I  duly  received  your  note ;  I  have  since  sent  an  d  priori  defini- 
tion of  A^  to  the  Cambridge  Philosophical  8ocieit/y  which  renders 
the  new  algebra  all  explicable  d  priori:  thus  c*''"^  is  made  a 
creature  of  definition,  not  of  subsequent  interpretation.  It  is  of 
course  the  d  priori  introduction  of  what  answers  to  the  logarithm 
of  a  number,  which  I  call  the  logometer  of  a  line  given  in  magni- 
tude and  direction. 

*  Def.  1.  On  OX  lay  down  Nap.  log.  of  the  length  oiA;  on  OT 
lay  down  the  arc  (rad.  unity)  of  the  angle  AOX:  the  line  having 
these  projections  is  the  logometer*  of  A, 

*  Def,  2.  By  A^  is  meant  the  line  whose  logometer  is 

B  X  logom.  A, 

*  Every  line  has  of  oourse  an  infinite  number  of  logometers,  according  as  we 
iise  9,  B±2ir,  &o.,  for  the  angle. 

[The  reader  can  easily  supply  for  himself  the  ordinary  figure  of  rectangular 
ooordinates  here  referred  to.  Compare  Transactions,  Camb.  Phil.  Soc,  vol. 
vu.,  part  iii.,  p.  292.] 
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*  For  example :  one  value  of     ^    ,_ — -  is  ir ;  as  thus 

-  1  I  ^^^*  ^^  ^^^  length  0, 

""    '  j  its  angle  ir ; 

logom.  (- 1)  is  line  ir  measured  on  OF: 
Division  by  */- 1  is  turning  a  line  backwards  through  a  right  angle  ; 

.'.  _- — -  -  IT  measured  on  OX,  whose  symbol  is  simply  w. 

^  There  is  nothing  now  which  ever  gives  me  any  thought  or  care 
in  algebra  except  divergent  series,  which  I  cannot  follow  the  French 
in  rejecting.  But  I  feel  confident  that  in  time  the  full  import  of 
these  things  will  appear/ 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  Obsebtatobt,  January  28,  1842. 

'  I  was  on  the  veiy  point  of  leaving  home  for  a  short  time  when 
your  note  reached  me,  nor,  though  I  have  returned,  can  I  yet  say 
more  in  reply  than  that  as  you  do  not  mention  my  Second  essay  in 
the  Philosophical  Transactionsy  it  is  barely  possible  you  may  not 
have  seen  it.     Hoping  to  write  soon  again.' 

li'om  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

.^January  31,  1842. 

*  Many  thanks  for  your  note.  Since  writing  I  have  looked  at 
your  first  [Essay  on  Dynamics]  :  the  second  I  remember,  now  you 
mention  it. 

^  We  have  awarded  the  medal  to  Hansen,  and  it  will  be  given 
on  Friday  week.  His  line  and  yours  are  different;  he  has  a 
curious  way  of  making  the  time  t  into  something  else,  and  makings 
this  serve  for  variation  of  elements.  Of  course  it  only  sets  one 
thing  right — ^longitude  for  instance ;  and  he  then  corrects  his  new  t 
to  put  the  radius  vector  right.  Airy  calls  it  original,  and  there  i» 
no  doubt  he  is  a  sagacious  and  painstaking  man. 

*  Now  if  anything  should  strike  you  as  to  your  rapport  with 
him,  it  will  be  very  good  for  our  President's  Address  on  Friday 
week ;  into  which  it  can  be  incorporated.  .  .  But  you  see  that  I 
need  not  ask  you  to  trouble  yourself  as  I  have  done,  if  your  paths- 
had  been  nearer  together,  to  avoid  mistakes.' 
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From  Sir  W.  K.  Hamilton  to  A.  De  Morgan. 

'  OBSERYATORTy  February  8,  1842. 

*  Though  hard  at  work  just  now  upon  another  subject,  I  write 
a  line  to  mention  that  mj  recollection  of  the  nature  of  Hansen's 
researches  entirely  agrees  with  yours;  and  that  though  I  regret 
not  to  have  been  able  to  give  to  them  much  attention,  yet  I  know 
enough  of  them  to  feel  sure  that  they  well  deserve  a  medal. 

'  My  own  investigations  in  Dynamics  lay  in  quite  a  different 
direction ;  they  conducted  me  to  a  system  of  rigorous  and  general 
expressions  for  the  integrals  of  the  differential  equations  of  motion 
of  any  system  of  material  points,  attracting  or  repelling  each  other 
according  to  any  function  of  the  distance. 

*  I  understand  that  Jacobi  considered  my  results  important,  and 
believe  that  he  has  put  them  under  a  still  more  general  form. 
Whether  any  allusion  to  them  could  be  appropriately  made  on  the 
occasion  you  refer  to  will  be  better  judged  of  by  others,  who  are 
on  the  spot,  and  know  what  is  to  be  said  about  Hansen.  Certainly 
there  is  no  analogy  of  method,  although  the  subjects  are  connected. 
My  Introductions^  in  the  Philosophical  Transactions^  contain  a  sum- 
mary of  what  I  have  done,  or  attempted,  in  the  matter. 

^  I  am  now  writing  out  for  the  press,  with  some  additions  and 
illustrations,  a  Paper  on  Fluctuating  Functions,  which  I  communi- 
cated to  the  Academy  in  the  summer  of  1840,  and  which  I  have 
some  hope  will  interest  you.  At  all  events  I  shall  request  your 
a^cceptance  of  a  copy,  when  it  is  printed.  It  contains  a  new  proof 
of  Fourier's  theorem,  with  generalised  forms  of  that  and  other 
oxpressions  for  arbitrary  functions,  or  parts  of  them.' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Gamden-strest,  Cahden  Town, 
'October  U,  1844. 

'  I  hope  this  will  find  you  better  in  health  than  Graves  repre- 
sented you  when  I  saw  him  last.  The  Cambridge  Philosophical 
Society  asks  authors  for  abstracts  now ;  accordingly  I  send  you  an 
abstract  of  a  Paper  which  I  have  just  sent  down  to  Cambridge. 
Tou  will  see  that  you  are  concerned  in  the  concoction,  and  that 
though  you  will  not  triplicise,  yet  "  numero  deus  impure  gaudet " 
may  find  followers. 


/■ 
>* 
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^The  first-mentioned  system  is  rigorous  common  algebra  for 
every  plane  passing  through  the  axis  of  x.  When  two  lines  are 
not  in  one  plane  with  that  axis,  still  AB  «  BA  ;  but  when  three 
lines  are  in  different  places,  then  A  {BC)  is  not  {AB)  C. 

^  Trusting  to  hear  better  accounts  of  your  health,  I  remain,  &o. 

*  If  ever  you  looked,  as  perhaps  you  did  for  a  while,  to  resolve 

you  were  trying  the  following  : — 

^  ^'  To  find  three  points  on  a  sphere  each  of  which  is  opposite  to 
both  of  the  other  two." ' 

^Abstract  of  a  Memoir  on  Trifle  Algebra. 

*  The  extensions  which  have  successively  been  made  in  alge- 
braical interpretation  have  been  consequences  of  efforts  to  interpret 
symbols  yr\n.(^  presented  themselves  as  necessary  parts  of  the  alge- 
braical language  which  is  suggested  by  arithmetic.  The  now  well- 
known  signifioatien  of  a  +  6  ^^  did  not  yield  any  new  imaginary 
or  unexplained  quantities :  and  accordingly  no  effort  (within  the 
author's  knowledge)  was  made  to  produce  an  algebra  which  should 
require  three  dimensions  of  space  for  its  interpretation,  until  Sir 
William  Eowan  Hamilton  wrote  a  Paper  (the  first  part  of  which 
was  published  in  the  Philosophical  Magazine  before  the  present  one 
was  begun)  on  a  system  of  '^  quaternions."  This  system,  as  the 
name  imports,  involves  four  distinct  species  of  units,  one  of  which 
may  by  analogy  be  called  real^  the  others  being  imaginaries^  as 
distinct  from  one  another  as  the  imaginary  of  ordinary  algebra  is 
from  the  real.  These  imaginaries  are  not  deductions,  but  inven- 
tions :  their  laws  of  action  on  each  other  are  assigned.  This  idea 
Mr.  De  Morgan  desires  to  acknowledge  as  entirely  borrowed  from 
Sir  William  Hamilton. 

Sir  W.  Hamilton  has  rejected  the  idea  of  producing  a  tHpk 
algebra,  apparently  on  account  of  the  impossibility  of  forming  one 
in  which  such  a  symbol  as  a^  +  6i|  +  c^  represents  a  line  of  the 
length  v^  (a*  +  6'  +  c").  Mr.  De  Morgan  does  not  admit  the  ne- 
cessity of  having  a  symmetrical  function  of  a,  (,  c ;  and,  throwing 
away  this  stipulation,  points  out  a  variety  of  triple  systems,  par- 
tially or  wholly  interpreted. 

'Sir  W.  Hamilton's  quaternion  algebra  is  not  entirely  the 
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same  in  its  symbolioal  roles  as  the  ordinaij  algebra ;  differing  in 
that  the  equation  AB  »  BA  is  disoarded,  and  AB  »  -  BA  supplies 
its  plaoe. 

*  Those  of  Mr.  De  Morgan's  systems  whioh  are  imperfect  all  give 
AB  «  BA^  but  none  of  them  (the  imperfect  ones)  give  A  {BC)  » 
{AB)  Cj  except  in  particular  cases. 

'  Mr.  De  Morgan  gives  systems  of  triple  algebra  which  he  dis- 
tinguishes into  quadratic,  cubic,  and  biquadratic,  according  as  the 
invented  imaginary  units  represent  square  roots,  cube  roots,  or 
fourth  roots,  of  the  negative  real  unit.  It  would  not  be  easy  in 
an  abstract  to  give  any  account  of  them :  but  among  them  are 
found — 

'1.  An  imperfect  quadratic  system  strongly  resembling  the 
common  double  algebra,  and  which  would,  but  for  its  imperfect 
character,  be  at  once  recognised  as  the  proper  and  natural  extension 
of  the  interpretation  of  imaginary  quantities  to  three  dimensions 
of  space :  the  ultimate  symbol  for  a  line  is 


/ (cos 0  +  sin 0  -v/^"  !)• 

^  2.  An  imperfect  quadratic  system,  very  like  the  former  one, 
except  in  having  a  peculiar  inversion  in  the  operation  of  multipli- 
cation, and  a  somewhat  remarkable  mode  of  representing  what 
would  by  analogy  be  called  arithmetical  multipliers. 

*  3.  A  perfect  quadratic  system,  the  interpretation  of  which  has 
considerable  resemblance  to  that  of  the  first-mentioned  system, 
and  is  completely  attainable,  though  not  of  great  interest. 

^4.  Three  perfect  cubic  systems,  each  irreconcilable  with  the 
others,  though  closely  connected  with  them.  Each  system  presents 
a  triple  trigonometry,  the  cosine  and  two  sines  of  which  are  each  a 
function  of  two  angles ;  but  these  can ,  be  easily  expressed  as 
functions  of  common  circular  and  hyperbolic  sines  and  cosines. 

*  The  interpretations  of  these  systems  are  very  imperfect,  and 
appear  to  present  great  difficulty ;  but  their  symbolical  character 
is  unimpeachable. 

'5.  A  perfect  biquadratic  system,  which  is  of  a  redundant 
character ;  that  is,  its  fundamental  form  represents  a  line  drawn 
in  space  from  a  given  origin,  with  a  symbol  to  spare,  which  may 
represent  the  time  of  drawing  it,  its  density,  its  tendency  to  a 
given  position,  &c.,  at  pleasure. 
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^  Many  interpretations  are  attainable,  but  Mr.  De  Morgan  does 
not  pretend  to  say  he  knows  the  one  which  ought  to  be  adopted. 
It  is  singular  that  every  attempt  to  reduce  this  algebra,  by  assign- 
ing a  condition  among  the  subsidiary  symbols  of  its  fundamental 
form,  leads  to  an  imperfect  algebra.  The  system  first  mentioned 
in  this  abstract  is  one  such  result,  and  fails  in  its  rules  of  multipli- 
cation, as  before  mentioned.  Another  is  obtained,  which  is  perfect 
as  to  its  rules  of  multiplication,  but  fails  in  rules  of  addition.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

•  Obsbbtatobt,  Tbinitt  Collroe,  Dublin* 
^December  9,  1844. 

^I  must  have  appeared  discourteous  in  not  sooner  acknowledging 
your  very  kind  letter,  written  to  me  about  two  months  ago ;  yet  trust 
that  you  have  not  been  displeased  with  the  terms  in  which  I  noticed 
it  in  the  supplementary  number,  for  this  month,  of  the  Philosophical 
Magazine.  Immediately  after  your  letter  arrived  came  an  old 
friend  [John  T.  Ghraves]  to  visit  me ;  and  if  you  have  ever  been 
afflicted  with  the  disease  of  procrastination,  you  must  know  that  a 
slight  cause,  preventing  immediate  action,  may  be  sufficient  to 
produce  a  long  delay. 

^  I  say  nothing  of  slight  attacks  of  ill-health,  respecting  which 
you  are  good  enough  to  inquire. 

'You  must  not  say  that  I  re/use  to  tripliciae:  I  had  made 
a  great  number  of  attempts  in  that  way,  of  some  of  which  I  have 
quite  lately^  and  subsequetitly  to  oommimications  from  you  and  other 
friends,  begun  to  think  that  they  might  have  been  worth  pursuing. 
But  it  is  too  late  for  me  to  claim  any  merit  in  the  matter,  or  even 
ijo  fancy  myself  entitled  to  any ;  I  was  prepossessed  with  an  objeo- 
tion  which  is  gradually  melting  away,  and  shut  my  eyes  against 
some  things  which  now  seem  obvious. 

'  Yet  I  cannot  altogether  regret  this  result,  even  as  respects 
myself,  if  I  do  not  err  in  my  estimate  of  the  prospects  which  may 
belong  to  my  own  quaternion-theory,  when  it  shall  come  to  be 
taken  up  by  abler  hands  than  mine.  It  will  surprise  me,  I  confess, 
if  either  your  theory,  or  any  other  person's,  oipure  triplets  shall  be 
found  to  surpass  that  which  I  have  been  led  to  perceive,  as  included 
in  my  theory  of  quaternions,  on  all,  or  most  of,  the  three  following 
points : — 
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^  \$^.  Algebraical  simplicity  ;  .  .  .  analogy  to  ordinaiy  algebra, 
as  to  the  rules  of  addition  and  multiplication  (the  commutative 
property  excepted) ; 

'2nd.  Geometrical  simplicity ;  .  •  .  ease  of  construction ;  the  rule 
of  the  diagonal ;  and,  above  all,  symmetricity  of  apace^  no  one  direc- 
tion being  eminent ; 

*  3rd.  Determinateness  of  division;  ...  a  quotient  being  never 
indeterminate  or  impossible  unless  the  constituents  of  the  divisor 
all  vanish. 

*  Of  all  these  assumed  requisites,  or  things  aimed  at  by  me  (and 
I  admit  that  I  aimed  at  others),  what  noic  appears  to  me  most  my 
own  is  the  stmmetricalness  of  space  in  my  system.  If  you  have 
succeeded  in  representing  this  with  pure  triplets,  eris  mihi  magnus 
Apollo.  Mj  real  is  the  representative  of  a  sort  oi  fourth  dimension^ 
inclined  equally  to  all  lines  in  space. 

*  P.  S. — ^May  I  mention  as  an  example  of  the  working  of  my 
system,  what  I  mentioned  last  month  to  the  Boyal  Irish  Academy, 
namely,  a  solution  of  the  (certainly  easy)  problem  respecting  the 
resultant  of  any  number  of  forces,  applied  at  a  common  point  on 
the  last  side  of  a  closed  polygon  P 

r  ■»  fl  +  fj  +  f?8  +  .  .  .  +  fn  ;       .•.      f?*  »  f I*  +  ft*  +  «?»'  +  ..•  +  f^n 
+  (fi  t?a  +  V2  Vi)  +  {Vi  V2  +  Vi  Vi)  +  (f^  fa  +  fj  fj)  +  &C.  ; 

but  fi*  s  minus  the  square  of  the  length  of  Vx ;  and  Vi  v%  +  fa  fi  » 
minus  the  double  of  the  product  of  the  lengths  of  t^i  and  Vt  x  the 
cosine  of  their  inclination ;  .'.  &c. 

*  1  also  gave  a  theorem  respecting  the  composition  of  finite 
rotations,  deduced  with  great  ease  from  my  general  method.  An 
impossible  line^  as  a  tangent  to  a  sphere  from  an  internal  point,  is 
often  indicated,  in  my  theory,  by  having  9k  positive  square. 

*  2nd  P.  S. — To-day^  in  looking  over  my  old  notes  respecting 
triplets,  I  observed  a  recent  one,  dated  the  25th  of  last  September^ 
written  while  I  was  thinking  of  going  or  writing  to  York,  and 
intended  as  an  argument  against  triplets;  namely,  that  if  we 
assumed  %  andj  to  be  two  such  square  roots  of  negative  unity  as  to 
have  their  product  =  positive  unity,  but  to  be  unconnected  with 
each  other  by  any  linear  relation,  we  should  have 

X  -k^ty  -k-jz  « (.c  +  ty +^2)  («  +  iy  +j» ), 
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my  objection  to  which  system,  at  the  time,  was  this,  that  it 
gave  (t+y)  (a^  +  i/+y«')  -  {%+j)x\  and  therefore  caused  the 
quotients  (t  +/)"*,  (»  +/)"'«,  (» -^JY^jj  to  be  all  absurd,  or  impos- 
sible. (Of  course  I  knew  that  in  the  ordinary  theory  of  imaginaries 
the  assumed  equations  relative  to  %  and/  gave  1  +y  =  0 ;  but  the 
spirit  of  the  attempt  in  question  led  me  to  exclude  that  relation  as 
being  linear).  But  looking  at  the  subject  again  to-day,  in  the 
light  of  a  very  interesting  communication,  received  about  a  fort- 
night ago,  from  my  friend  John  Graves  (whom  I  authorised  to 
give  you  a  sketch  of  my  views  about  quaternions,  when  writing 
first  to  biTTi  on  that  subject,  in  the  postscript  of  my  lately  printed 
letter),  I  seem  to  see  that  it  might  not  be  wholly  labour  lost  to 
dev.elope  the  consequences  of  these  equations  of  multiplication; 
and  certainly  not  difficult  to  construct  them. 

*  Through  each  factor-point,  xyzy  and  x'  y'  s',  and  through  the 
product-point  x^'^'%\  conceive  an  elliptic  cylinder  to  pass,  of  the 
form  a?*  +  (y  -«)*  =  /«'  =  square  of  what  may  be  called  the  modulus  ; 
then  fi'  *^  iiii\  the  projections  on  either  of  the  circular  sections  or 
on  either  of  the  planes  of  xy  and  osz  (made  by  lines  parallel  to  the 
indefinite  axis  of  the  cylinder)  obey  Mr.  Warren's  rule;  and  if 
we  make  a  =  r  cos  ^,  ^  »  r  sin  0  cos  i/r,  s  »  r  sin  ^  sin  ^,  we  shall 
have  the  equation  tan  ^  sin  (i/^"  -  ^)  =  tan  0'  sin  {^f/  -  ^"). 

^  The  modulus  is  the  semi-axis  major  of  the  ellipse  perpendicu- 
lar to  the  indefinite  axis  of  the  cylinders. 

*  3rd  P.  S. — I  would  not,  if  I  could,  prevent  the  study  of  pure 
triplets ;  I  feel  for  them  something  of  the  affection  of  a  first  love, 
for  I  was  rather  intimate  with  them  once,  though  I  have  since  been 
drawn  away  by  what  I  thought  superior  attractions.' 

From  A.  De  Moroan  io  Sir  W.  B.  Hamilton. 

*  7,  Camden-steeet,  Camden  Towir, 
*  December  16,  1844. 

*  I  am  much  obliged  by  your  note.  I  have  carefully  abstained 
from  your  quaternions  till  now,  and  shall  abstain  till  I  have 
corrected  my  proof,  which  is  now  before  me. 

'  We  are  clearly  on  different  tracks,  and  both  necessary  ones* 


-'V 
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You  are  all  for  interpretation,  and  prepared  to  take  new  syinbolio 
rules  to  get  it ;  my  object  is  striotlj  to  keep  the  symbolio  rules  of 
common  algebra,  and  to  let  meaning  come  if  it  will. 

'  I  strongly  suspect  that  you  have  the  right  sow  by  the  ear,  and 
that  ea&y  interpretation  requires  that  the  run  oixy  yzzx  should  be 
different  from  that  of  yx  xz  zy. 

<  My  systems  are  not  tcell  interpreted,  except  by  dropping  (not 
changing)  a  symbolical  rule.  What  may  come  of  it  I  don't  know ; 
I  had  but  a  fortnight  at  it  before  a  slight  attack  of  illness  came 
on,  and  when  I  was  able  to  work  again,  my  lectures  claimed  me, 
and  I  have  not  seen  the  subject  again  till  this  proof  arrived. 

'  But  I  now  see  that  your  system  is  triple.  You  may  say  with 
Lord  Byron 

**  That  you  devoutly  wished  the  three  were  four 
On  purpose  to  believe  bo  much  the  more." 

I  have  a  triple  system  just  like  it,  with  an  additional  undetermined 
agent.  Graves  says  your  real  quantity  is  only  a  kind  of  agent 
[or  sub-agent  P*]  upon  the  multiplications,  &o. :  I  suspect  my 
biquadratic  triple  system  has  some  very  strong  affinities  with  your 
quaternions,  though  the  positive  interpretation  will  be  very  diffe- 
rent. 

^  However  this  may  be,  I  am  convinced  that  any  system  which 
does  business  with  rotations  cannot  have  xy  »  yx, 

*  Ghraves  gave  me  some  extracts  from  your  letter  now  published. 
His  head  ran  on  the  transformations  of  sums  of  squares  into  other 
forms.  He  never  dropped  a  hint  about  imagining  imaginaries. 
On  such  little  things  do  our  thoughts  depend.  I  do  believe  that 
had  he  said  no  more  than  ^^  Hamilton  makes  his  imaginary  quanti- 
ties," I  should  have  got  what  I  wanted. 

^The  system  described  by  you  with  modulus 

is  one  of  mine  which  I  do  not  print,  preferring  one  with  a  trifling 
variation  which  gives  a'  +  (6  +  c)  *      y  «  - 1 . 

*  I  had  described  this  system  to  Graves,  as  a  person  describes 
in  conversation.' 


*  Writing  nearly  effaoed. 
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From  the  Same  to  the  Same. 

*  7,  Camdbn-steeet,  Camden  Town, 
'  December  30,  1844. 

*  I  Bend  you  the  proof  of  my  Paper  (done  with ;  you  need  not 
return  it),  which  will  perhaps  give  you  my  view  of  the  matter  two 
or  three  weeks  earlier  than  I  could  otherwise  communicate  it. 
When  clean  and  presentahle  copies  arrive  I  hope  to  supersede  this 
ragged  affair.  I  have  no  hope  of  being  able  to  think  much  about 
the  matter  before  July.  I  hope  I  shall  then  be  able  to  satisfy 
myself  about  the  proper  interpretations. 

^I  look  to  what  I  have  called  the  redundant  biquadratic  system* 
as  giving  the  best  chance. 

^Have  you  ever  considered  the  vexata  quccatio  of  fractional 
differential  co-efficients  P  We  shall  never  arrive  at  the  full  com- 
prehension of  integration  until  we  know  what 


U)' 


^x 


means  for  all  values  of  n.    When  divergent  series  are  understood, 
and 


W 


f^ 


is  as  well  known  in  all  cases  as  when  a  »  1,  j3  «  0,  we  shall  be  in 
a  veiy  good  state. 

'  Here  is  a  quirk  of  analysis  which  was  given  in  d  Cambridge 
examination  paper — 

a:  __  -  (sin  x     sin  2a?     sin  ^x  \ 

y~     (siny     sin2y     sin3y     '*'*y 

I  should  doubt  its  being  true.  It  is  a  particular  case  of  the  theorem 

— ^  ton  =  +  00  /  V  /v 

Sfrom»--«    *  (^ +  »).«*- 0; 

but  this  is  only  true  when  there  is  no  discontinuity  in  the  series 

^iP  +  0  (;i?  +  l)  .a  +  0  (ir  +  2)  .a'  +  . .  • ., 

•  Supra^  p.  252. 
VOL.  III.  8 
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which,  I  should  think,  would  not  turn  out  to  be  the  case  in  the 
above. 

^  I  hope  jou  are  well,  and  taldng  care  of  yourself.  Nobody 
gives  you  a  good  character  in  the  second  particular. 

*  The  Astronomer  Boyal  in  this  country  always  lays  down  his 
work  the  moment  he  feels  wrong,  and  plays  till  he  feels  right 
again.  You  have  too  much  of  our  stock  of  science  invested  in 
your  head  to  be  allowed  to  commit  waste.  You  are  only  tenant 
for  life,  and  posterity  has  the  reversion;  and  I  don't  see  why  you 
should  not  be  compelled  to  keep  yourself  in  repair.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

*  Obsestatobt,  January  6,  1845. 

<Many  thanks  for  your  revise;  the  final  copy  will  also  be 
welcome. 

^  Have  you  one  to  spare  of  your  first  Paper  on  the  Foundation 
of  Algebra  P  I  know  you  sent  me  one,  for  (too  rare  event  with 
me)  I  thanked  you  for  it,  and  remember  that  I  quoted  Kant ;  but 
it  is  buried,  I  am  sorry  to  say,  among  piles  of  pamphlets  and 
papers,  and  is,  for  the  present,  lost. 

*  Is  it  too  late  for  you  to  try  whether  you  may  like  the  follow- 
ing geometrical  interpretation  of  your  cubic  system  P  In  page  8, 
equations  near  the  foot,  0  is  the  dihedral  angle  between  two  planes, 
one  containing  the  primary  unit  line  (1,  0,  0),  and  the  other  the 
line  [a^  6,  c),  y/f  /  cos  ©,  y^f  /  sin  ©,  and  ^/^  &  >  ar©  three  rectan- 
gular co-ordinates.  Let  a  +  6  =  0,  a  +  c  »  0,  be  called  the  equations 
of  the  axis  of  your  system,  and  a  =  6  +  c  the  equation  of  your 
equatorial  plane.  Then  the  following  theorems  are  true  as  inter- 
pretations of  your  rules  of  multiplication : — 

*  Ist.  The  projections  of  the  unit-line,  the  two  factor-lines,  and 
the  product-line  on  the  axis  are  proportionals,  in  the  ordinary 
sense  of  real  or  single  algebra. 

*  2nd.  The  projections  of  the  same  four  lines  on  the  equatorial 
plane  are  also  proportionals,  in  the  sense  of  Mr.  Warren's  double 
algebra. 

'At  least  I  know  that  these  theorems  are  true  when  we  take  as 
equations  of  multiplication  those  other  forms  which  you  mention : 
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liVliat  put  them  into  my  head  I  may  tell  you  another  time,  as  I 
hope  to  write  soon  again.    In  great  haste/  &c. 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  Obsebyatory,  Janwxry  5,  1845. 

^  A  medical  attendant  having  called  to  look  at  my  ankle,  which 
is  slowly  recovering  from  a  sprain,  I  write  a  line  while  he  is  wrap- 
ping something  about  it  (holding  the  paper  in  my  hands),  to  make 
sure  of  convejring  rightly  what  I  sent  a  while  ago  to  the  post  in 
Dublin  by  another  messenger,  about  the  meaning  of  your  0,  as  I 
wrote  then  also  in  great  haste. 

'  It  is  the  dihedral  angle  between  the  planes  passing  through 
what  I  call  the  axis  of  your  system, 

ir  +  y  =  0,  i»  +  2  =  0, 

and  containing  respectively  the  lines  (1, 0, 0)  and  (a,  6,  c).  I  have 
no  copy  of  what  I  wrote  just  now,  but  hope  that  this  was  the 
meaning.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Cajcden-st&eet,  January  12,  1845. 

'  I  am  much  obliged  to  you  for  the  interpretation  in  two  notes. 
I  have  been  so  much  occupied  with  the  recommencement  of  lectures 
that  I  have  not  yet  had  time  to  consider  it  properly.  I  write 
this  merely  to  say  that  I  send  the  Paper  on  triple  algebra  by  this 
post,  since  the  receipt  of  the  same  without  a  line  might  make  you 
think  your  notes  had  miscarried. 

*  I  hope  your  ankle  is  better.' 

From  the  Same  to  the  Same. 

*  December  23y  1845. 

[After  giving  a  list  of  Hamilton's  Memoirs,  in  quarto,  in  his 
possession,  Professor  De  Morgan  continues] : — 

* ...  I  shall  be  obliged  very  much  if  you  will  tell  me  at  your 
leisure  (for  the  thing  does  not  press  at  aU)  whether  this  is  all  you 

S2 
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have  publiflhed  in  quarto.  And  also  whether  you  have  ever 
appeared  in  octavo  elsewhere  than  in  the  Notioes  of  the  B.  I.  A. 
and  the  Beports  of  the  British  Association. 

*  Should  jou  have  a  spare  copy  of  anything  not  above  named^ 
of  course  I  should  be  very  much  obliged  to  you  for  it;  but  suppos- 
ing your  stock  exhausted,  the  name  and  date  will  be  of  use — 
I  dare  say  I  shall  pick  up  anything,  if  I  know  what  to  look  for. 

*  If  I  were  you  (this  by  way  of  side  appeal  to  your  own  authorial 
feeling)  I  should  always  take  care  to  put  anybody  who  is  trying  to 
be  a  bibliographe  into  possession  of  all  correct  information;  for 
on  the  ''  harmless  drudges  "  (as  Johnson  called  lexicographers)  must 
depend  whether  you  go  down  in  full  or  mangled. 

*  I  have  had  no  time  for  algebra  this  year — not  even  to  read 
Mr.  Graves's*  Paper  thoroughly— capital  as  it  is.  The  "  Symbolic 
Geometry"  I  have  only  seen,  not  read  yet ;  but  I  am  glad  to  see  it. 

*  I  hope  you  are  in  health  and  with  good  will  to  your  work. 
You  must  have  a  good  many  shots  in  the  locker.' 

From  Sir  "W.  B.  Hamilton  to  A.  Db  Morgan. 

*  Obsbevatobt,  Teinitt  Collegb,  Dublin, 
*  February  2,  1846. 

'  More  than  a  year  ago  I  made  a  communication  to  the  Boyal 
Irish  Academy,  in  which  your  Triplets  figured.  The  notice  was 
in  type  in  June  last ;  for  I  received  and  corrected  "  proofs  "  in  that 
month ;  but  separate  printed  copies  have  never  since  been  received 
by  me.  The  hope  of  receiving  them  has  been  an  excuse  to  my 
conscience  for  not  writing  sooner  to  you ;  allow  me  now  to  send 
you  the  manuscript  notice,  such  as  the  printers  returned  it  to  me 
last  summer,  with  all  its  faults  of  hasty  writing  and  semi-erasures 
on  its  head.  I  shall  be  much  gratified  if  you  accept  it,  in  that 
state,  as  some  small  payment  in  kind  for  the  proof-sheets  of  your 
important  Paper  on  Triplets,  which  you  sent  me  in  1844.  You 
have  probably  seen,  and  I  presume  have  received  from  the  author, 
the  notices  of  the  communications  made  to  our  Academy  here  by 
the  Bev.  Charles  Graves  on  the  same  general  subject  last  year : 
ihey  pleased  me  much,  and  you  will  find  that  your  priority  is 
acknowledged,  on  several  important  heads. 

*  Professor  Charles  Graves :  see  infra. 
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<  For  my  own  part,  I  have  not  been  exolusively  oooupied  by 
my  Quaternions,  but  confess  that  they  have  been  growing  in 
interest  upon  me,  and  that  I  more  and  more  believe  they  will  one 
^ay  justify  a  hope  which  I  Tentured  to  express  in  an  Address  to 
the  B.  I.  A.,  on  the  first  night  of  its  session  of  1844-5,  namely, 
that  they  will  constitute  nothing  less  than  "  a  new  algebraical 
geometry."  Of  that  Address,  or  oral  communication,  which  was 
somewhat  extemporaneously  made,  other  authors  choosing  to  yield 
me  precedence  at  the  time,  I  am  fortunate  enough  to  possess  the 
power  of  giving  some  printed  notices  to  scientific  friends,  having 
ordered  the  printers  to  strike  off  some  at  my  own  expense  before  I 
went  to  Cambridge  last  June ;  at  which  University  I  gave  several 
•copies  away,  but  have  several  still  remaining,  of  which  I  shall  be 
happy,  if  you  will  allow  me,  to  present  you  with  one. 

^The  words  above-mentioned  do  not,  I  believe,  occur  in  the 
printed  notice,  but  it  is  a  very  fair  statement  (drawn  up  indeed  by 
myself)  of  the  substance  of  the  communication  which  I  made  in 
November,  1844.  Some  later  communications  have  been  made  by 
me  since  to  the  Academy,  on  the  applications  of  Quaternions  to 
Problems  of  Dynamics  and  to  Surfaces  of  the  Second  Degree. 

^If  I  have  alluded  to  delays  in  the  publication  of  the  Pro- 
ceedings  of  the  Academy,  it  is  only  fair  to  allow  that,  besides 
my  own  personal  diktoriness,  I  may,  though  not  the  editor,  be  in 
some  degree  to  blame  for  not  more  strongly  urging  punctuality  as 
President.  But  I  hope  that  some  allowance  may  be  made  for  my 
unwillingness  to  have  the  air  of  coercing  persons  even  more 
dilatoiy,  and  at  least  as  scientific,  as  myself. 

^  I  did  indeed  procure  the  passing,  about  a  yecir  ago,  of  a  self- 
denying  ordinance,  by  which  any  author  who  was  not  ready  with 
his  abstract  in  its  turn  was  to  submit  to  be  relegated  to  an  Appen- 
dix, and  have  acted  or  suffered  thereupon,  with  reference  to  some 
of  my  own  communications  of  last  session.  The  Proceedings  of 
that  session  have  been  all  (with  the  exception  of  the  said  Appendix) 
for  some  time  in  print,  and  I  heartily  wish  that  they  were  published ; 
but  believe  that  the  editor  desires  to  suppress  a  certain  controversial 
correspondence,  which  can  scarcely  interest  any  beyond  the  circle 
of  our  own  members,  though  it  could  do  us  no  discredit.  (It  is  one 
which  in  no  shape  concerns  me  personally.) 

As  to  myself,  you  may  perhaps  be  aware  through  some  extracts 
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from  the  Dablin  papers,  or  if  not,  let  me  be  now  allowed  to  inform 
you,  that  I  gave  notice  at  the  beginning  of  the  present  session 
of  an  intention  (whioh  had  been  formed  after  a  very  careful  delibera- 
tion on  my  part)  to  retire  from  the  Presidentship  at  the  annual 
election  next  month  (on  the  16th  of  March).  I  hope  that  my  tenure 
of  the  chair  has  not  been  wholly  useless  to  the  body :  certainly 
the  Academy  is  now,  in  numbers  and  energy,  as  well  as  in  collec- 
tions, more  rich  and  flourishing  than  it  was  when  I  was  elected  in 
1837,  however  little  my  exertions  may  have  contributed  to  such  a 
result.  But  I  feel  it  to  be  quite  necessary  that  I  should  have  more 
leisure  for  scientific  study  than  the  labour,  and  still  more  the  cares 
of  the  office,  have  for  several  years  allowed  me ;  and  it  is  very 
pleasant  to  me  to  think  that  if  the  Academy  shall  have  any  diffi- 
culty respecting  my  successor,  it  will  only  be  to  make  a  choice 
among  several  persons  eminently  worthy. 

'  I  have  not  your  last  note  beside  me  at  this  moment,  but  will 
not  let  that  circumstance  serve  as  an  excuse  to  me  for  any  further- 
delay.  The  accompanying  Paper,  on  the  earliest  printed  AJmaneu^s, 
was  very  welcome,  especially  as  I  had  been  much  interested  a 
year  ag^  in  the  question  aLt  the  time  of  Eaater,  and  much 
amused  by  some  of  the  newspaper  correspondence  on  the  subject. 
Indeed  I  was  applied  to  by  an  Irish  clergyman  of  some  general 
talent,  but  who  had  no  acquaintance  with  the  subject,  and  with 
whom  I  was  not  myself  personally  acquainted,  to  give  a  decision 
ex  cathedrdy  as  Boyal  Astronomer  of  Ireland.  I  took  some  pains 
with  my  reply,  chiefly  that  I  might  convey  without  discourtesy 
my  view  that  he  had  no  right  to  consult  an  astronomer  on  the 
subject  at  all,  but  was  '^  concluded  "  by  the  tables  in  the  Prayer 
Book  (published,  I  believe,  as  they  now  stand,  in  the  Act  for 
change  of  style  P)  as  the  authoritative  voice  of  the  Church  and 
State  in  the  matter.  And  I  remember  that  among  my  illustra- 
tions of  the  inconveniences  which  would  have  resulted  from  the 
absence  of  such  authoritative  and  technical  directions,  I  took  some, 
with  acknowledgment,  from  a  letter  of  yours  to  the  AthencBum. 
At  the  same  time  I  pointed  attention  to  a  rubric,  connected  with 
one  of  the  Tables  (the  one  for  the  20th  century),  which  had  not, 
and  has  not,  been  noticed,  so  far  as  I  know,  in  the  controversy,  ta 
-show  that  a  difference  between  the  ^'  ecclesiastical ''  and  the  ^^  reed  " 
full  moons  was   perfectly  well   known    to   exist.     My  worthy 
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oorrespondent  has  never  favoured   (or  troubled)    me    with    an 


answer.* 


'  I  feel  Bome  ouriositj  to  know  how  the  Moravians  settled  the 
point,  and  shall  perhaps  oonsult  an  excellent  old  uncle  of  mine, 
who  is  a  retired  Moravian  minister,  and  with  whom  I  correspond 
occasionally  on  things  connected  with  astronomy  (the  B>ev.  John 
Willey  of  Gxaoehill).  He  has  a  passion  for  numerical  calculation, 
and  is  just  now  in  raptures  with  a  work  of  Burokhardt's,  of  which 
I  was  lucky  enough  to  ascertain  the  title  for  him. 

'Are  you  aware  that  the  Equinox  in  325,  a.d.,  fell  on  the  20th, 
not  on  the  21st  of  March  P  Some  very  simple  mental  calculations 
led  me  a  few  years  ago  to  doubt  the  latter  date,  though  asserted 
in,  I  cannot  say  how  many,  books  on  astronomy ;  and  I  then  settled 
the  point  at  least  to  my  own  satisfaction  at  tilie  time  by  a  careful 
computation  with  Yince's  and  other  Solar  Tables.  I  wish  you 
would  enlighten  me  as  to  the  history  of  this  widely-spread  mistake. 

'  P.  S. — I  am  happy  to  say  that  I  have  at  least  one  Paper  of 
some  elaborateness,  which,  according  to  my  recollection  of  your  last 
note,  you  do  not  seem  to  have  ever  received,  but  of  which  I  could 
put  even  two  or  three  copies  at  your  disposal.  It  is  the  ^^  Second 
Part "  of  my  E%my  on  a  General  Method  in  Dynamics,  I  find  that 
it  is  quite  possible,  and  not  difficult,  to  connect  the  general  formula 
of  that  Essay  with  Quaternions. 

*  2nd  P.  S. — I  have  been  dreadfully  remiss  in  writing  not  only 
to  you,  but  to  my  old  friend  John  Graves:  you  may,  it  is  not 
unlikely,  meet  him  before  I  write ;  in  that  case  give  my  very  kind 
remembrance,  and  tell  him,  if  you  please,  that  I  have  reserved 
for  him  a  copy  of  the  Abstract  which  I  brought  with  me  to 
Cambridge.' 

From  A.  De  Morgan  to  Sir  William  Hamilton. 

'  7,  Camden-st&eet,  Camden  Town, 
'February  16,  1846. 

*Tour  note  was  not  to  be  answered  oflf-hand,  and  when  I 
received  it  I  was  as  busy  as  a  person  need  be  in  concocting  an 
Annual  Beport  for  the  Astronomical  Society. 

'  But  now  it's  read,  and  that's  all  over,  and  I  shall  neither  lay 

•  See  vol.  ii.,  pp.  482-4. 
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down  and  ory  nor  die  in  oonseqnenoe.  In  f aot  I  made  a  memoran* 
dum  to  sarvive  to  answer  yours. 

^  First,  I  thank  you  for  the  notioe  both  as  to  matter  and  manner. 
The  former  I  shall  con  in  detail  the  first  time  I  can  get  again  on 
triplets ;  and  the  MSS.  will  bind  up  with  the  other  things  very 
nioely,  and  increase  the  value  of  the  volume. 

'  I  was  veiy  much  gratified  with  0.  Cbaves's  Paper,  but,  as 
before,  have  never  found  the  opportunity  to  try  it  as  I  could  wish. 
But  it  is  a  finished  thing.  I  rather  suspect  there  is  another ;  but 
that  one  is  that  one,  and  must  continue  to  be  so. 

<The  Quaternions  will,  I  have  no  doubt,  make  a  system,  in 
which  rotations  round  the  three  axes  play  the  part  of  co-ordinates* 
complete  in  itself.  I  shall  be  very  much  obliged  to  you  for  the 
notice  you  mention — ^that  which  you  distributed  at  Cambridge.  I 
heard  speak  of  it,  but  did  not  see  it. 

^  I  was  glad  to  hear  that  you  are  going  to  resign  the  President- 
ship. Ton  have  no  business  there  at  all — ^there  are  plenty  of 
people  who  can  do  all  that  a  President,  as  such,  has  to  do ;  and  I 
maintain  that  any  man  who  is  fit  for  original  research  has  no 
business  to  be  a  president  or  secretary  or  treasurer,  at  the  ecepen8$  of 
his  researches. 

*  Now  for  Easter.  I  am  not  sure,  by  your  note,  that  you  saw 
my  first  commimication  to  the  Companion  to  the  Almanack  on  this 
subject,  containing  the  development  of  what  you  mention  in  the 
Athenceum.  I  therefore  send  one.  Should  I  have  sent  it  before* 
you  can  find  some  one  to  give  it  to — ^your  unde,  for  instance,  when 
you  ask  him  for  the  Moravian  determination. 

^^You  got  him  Burckhardt ;  no  doubt  B.'s  table  of  prime  num- 
bers up  to  3  millions  odd.  But  B.  only  gives  the  fact  of  primeness, 
or,  when  not  prime,  the  lowest  divisor  next  above  1.  But  Chemao 
CribrumArithmetieumy  DaventriflB  (Deventer),  1811, 4to,  gives,  up  to 
1,020,000,  every  prime  factor,  which  is  more  convenient. 

*  As  to  the  equinox  of  325,  it  is  a  not  very  weU  known  fact  that 
using  the  Alphonsine  Tables  to  recover  Easter  of  the  Nicene 
Council,  the  Gregorian  Committee  made  a  mistake  of  a  day,  and 
concluded  that  the  equinox  ought  to  vibrate  over  the  21st  and 
22nd,  when  in  truth  it  did  vibrate  from  the  20th  to  the  21st. 
Their  equinox  of  325  was  a  theoretical  one  formed  from  their  own 
Tables.    The  mistake  hangs  on  to  what  I  have  been  pointing  out 
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in  what  I  send  and  sent,  namely,  that  a  speoifio  astronomioal  code 
has  been  forged  for  the  Nioene  Council^  thoogh  not  one  word  was 
4said  by  them  exoept  ^'Easterns,  keep  Easter  as  the  Westerns  do." 
Bnt  what  the  Westerns  did — whether  it  was  moon,  sun,  or  neither, 
which  regulated;  whether  even  the  Council  knew  the  difference 
between  the  Sun  and  Moon — cannot  be  gathered  from  what  they 
said  of  Easter,  or  what  any  contemporary  historian  has  said.  No 
wonder  that  the  equinoctial  2l8t  should  have  been  fastened  on 
them,  as  well  as  the  cycle  of  Dionysius,  or  anything  else  which  was 
made  after  them. 

^  I  have  not  seen  Ghraves  lately,  but  hope  to  do  it  soon.  I  shall 
be  much  obliged  to  you  for  your  second  part  of  Dynamics.  I  now 
remember  to  haye  seen  it ;  but  when  I  wrote  to  you  I  mentioned 
nothing  but  what  was  before  me.  But  none  of  your  ''some 
elaborateness."  I  want  a  complete  list ;  and  when  my  note  turns 
up  again  pray  answer  me  categorically,  as  they  say ;  but  there  is 
no  hurry.  In  the  meanwhile,  if  you  will  just  send  the  second  part  of 
Dynamics  and  the  Cambridge  Abstract,  and  Graves's  copy  of  it, 
which  you  mention,  in  a  railroad  parcel,  addressed  to  me  at  ''  Uni- 
versity College,  London,"  I  shall  be  very  much  obliged. 

'  I  have  been  trying  lately  at  Arbogast's  method  of  derivations, 
and  find  that  there  is  much  to  learn  out  of  him. 

'  The  hindrance  in  the  way  of  development  (I  mean  of  organized 
rules  for  it)  appears  to  have  lain  in  the  imperfect  view  taken  of 
Taylor's  Theorem. 

*  If  we  write 

V 
^  (a  +  6)  =  ^a  +  ^'a .  J  +  ^"a  —  +  ..., 

it 

the  2,  2*3,  &c.,  stick  in  the  way  of  describing  these  terms  as 
formed  upon  a  repetition  of  one  process.    But  if  we  write  it  as 

we  see  that  there  is  one  operation  which,  being  successively  per- 
formed on  ^a,  will  produce  the  successive  terms. 

'  Derivation,  the  real  tool  of  development,  is  not  a  mere  differen- 
tiation, as  Arbogast  would  at  first  have  made  it,  but  a  differentiation 
accompanied  by  a  subsequent  integration ;  and  in  the  series 

a  +  &P+  ca^  +  ^  +  . .  .  . 
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the  tools  to  be  used  in  developing  functions  of  it  are 

the  successiye  uses  of  these  giving  what  Arbogast  calls  his  d6nvie% 
diviaSes — ought  to  have  been  his  dMviea. 

*  I  have  sent  this  view  of  the  matter,  with  a  new  mode  of  de- 
monstratiouy  to  the  Cambridge  Mathematical  Journal^  where,  by  the 
way,  I  saw  your  Algebraical  Geometry.  A  little  more  attention 
to  this  subject  would  perhaps  extend  the  calculus  of  operations. 
Arbogast's  divided  derivation  (call  it  D)  gives 

^  {a-{-  Da  .  X  -k-  lya  .  aj»  +  ...)  =  ^a  + 
Dijka  .  X  +  D^<pa  .  a:*  +  .  .  ., 

in  which  a,  Da^  B^a^  are  independent.    This  is  equivalent  to  saying 
that  if  V  be  the  operation 

1  +  a?2)  +  afiy  +  .  .  . 

and  0  any  functional  symbol ;  then 

0  (va)  =  V  (*a). 
But  it  is  not  true  that 

for  reasons  connected  with  the  effect  of  v  in  introducing  new  and 
independent  subjects  for  the  second  v  to  deal  with. 

*  But  it  grows  late,  and  I  must  therefore  conclude.' 

From  the  Same  to  the  Same. 

<  7,  Cajiden-stheet,  Gaudxk  Towk, 
'  April  12,  1847. 

'  I  send  you  a  Paper  on  Logic,  out  of  which  will  arise  a  question 
of  literary  piracy.  I  wish  you  would  give  me  your  opinion  on  this 
point  (I,  you  understand,  am  the  asserted  pirate). 

*  Looking  at  §  3,  on  the  quantity  of  propositions  (admitted  to  be 
mine),  what  hint  did  I  need  to  write  thereupon  the  first  two  pages 
of  the  addition  at  the  end  P 

^  The  party  making  the  charge  is  your  namesake.  Sir  William 
Hamilton  of  Edinburgh.    If  I  cannot  drive  him  to  press  in  a  week 
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or  two  (which  I  am  trying  at,  but  he  does  not  answer  the  spur  as 
well  as  a  man  ought  to  do  who  has  made  suoh  a  charge — ^but  then 
his  health  is  not  good),  I  must  publish  myself ;  so  that  all  will 
soon  be  out. 

^  In  the  meanwhile  I  send  you  this  information  that  you  may 
not  stare  if  anybody  tells  you  that  you  are  charging  me  with  steal- 
ing logic  from  you.  I  shall  take  every  possible  care  to  identify 
my  man  and  distinguish  him  from  you ;  but  I  know  it  will  not 
entirely  succeed,  for  you  are  constantly  confounded  with  the 
Edinburgh  Sir  W.  H. 

^  I  was  talking  to  a  friend  on  this  matter  the  other  day,  and  I 
said  to  him,  ^'  You  know  Sir  W.  H.  is  no  mathematician — in  fact 
he  is  an  opponent  of  mathematics."  I  saw  my  Mend's  eyes  open 
very  wide,  and  he  looked  to  see  if  I  were  gone  mad — I  had  for- 
gotten to  say  "  of  Edinburgh." ' 

Fi'Ofn  Sir  W.  B.  Hamilton  to  A.  De  Morgan, 
[from  a  copy  corrected  by  sir  w.  r.  h.] 

•  Obsebyatoby,  Dubldt,  May  7, 1847. 

^  I  have  received  your  two  recent  communications,  and  think 
you  have  taken  all  reasonable  precautions  against  my  being  con- 
founded on  the  present  occasion  with  my  celebrated  namesake  of 
Edinburgh.  I  daresay  it  would  be  nuts  to  you  to  have  two  Sir 
William  Hamiltons  on  your  hands  as  controversiaUsts  at  one  time; 
but  this  note  is  to  warn  you  that  I  don't  think  I  shall  indulge  you 
on  that  point.  Perhaps  you  may  ask.  What  provocation  have  you 
given  to  such  a  simultaneous  controversy  P  A  very  gentle  one,  cer- 
tainly, and  not  very  recent,  but  one  which  I  might  have  a  good 
opportunity  of  now  accepting,  if  I  were  disposed,  which  I  am  not. 
My  manuscript  researches  respecting  Quaternions,  and  their  applica- 
tions to  G-eometiy  and  Physics,  having  attained  a  considerable  extent, 
and  a  number  of  scattered  notices,  themselves  by  this  time  not  very 
small  in  bulk,  having  been  printed,  I  am  urged  by  my  friends  in 
Dublin,  and  am  myself  now  desirous,  to  make  at  least  a  beginning 
of  that  more  full  and  formal  publication  which  I  have  all  along 
intended.  After  many  hesitations  as  to  whether  I  should  not  at 
once  proceed  to  the  parts  which  are  more  likely  to  interest  and 
not  to  shock  mathematical  readers  in  general,  I  have  decided  on 
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following  a  more  histoiioal  order;  and  have  handed  in  to  the 
Committee  of  Publioation  of  the  Boyal  Irish  Academy,  who  have 
transmitted  to  their  printers  a  Paper  entitled  Eesearchea  respecting 
Quaternions^  First  Series ;  in  which  Paper  I  have  endeavoured  to 
insert  nothing  with  the  principles  of  which  I  was  not  familiar  at  the 
time  of  making  my  first  communication  to  the  Academy  on  Qua- 
ternions, on  the  13th  of  November,  1843.  A  good  part  of  this 
Paper  has  been  lying  by  me  for  some  considerable  time,  and  on 
the  whole  it  is,  I  think,  very  nearly  what  I  would  have  drawn  up 
in  1843,  if  our  rules  had  been  stringent  enough  to  obUge  me  as  an 
author  then  to  hand  in  at  the  time  a  MS.  prepared  for  being  put 
into  the  printer's  hands.  The  word  ^^  Triplet "  does  not  occur  once 
in  this  Paper,  but  the  word  *'  Set "  presents  itself  very  frequently ; 
because  I  had  in  fact  been  familiar  with  the  conception  of  sets,  as 
including  the  conception  of  couples,  for  at  least  nine  years  previous 
to  my  perceiving  my  own  definite  system  of  Quaternions  in  October, 
1843,  and  had  announced  an  intention  of  publishing  hereafter  a 
theory  of  triplets  and  sets  of  moments,  steps,  and  numbers,  which 
should  include  the  theory  of  couples,  when  I  published  (about 
August,  1836)  in  the  xviith.  vol.  of  the  Transactions  of  the  Boyal 
Irish  Academy,  my  Paper  on  Algebraic  Couples^  and  on  Algebra  as 
the  Science  of  Pure  Time.  See  the  concluding  sentence  of  my  Essay 
on  that  subject  in  that  volume. 

^  Now  for  the  controversy  which  I  think  is  not  to  take  place. 
It  does  not  relate  to  the  Triplets,  on  which  my  old  unpublished 
and  rejected  researches  cannot  and  ought  not  to  interfere  with  your 
priority.  But  you  may  remember — or  may  not,  for  an  author  so 
original  and  fertile  as  yourself  has  room  for  forgetting  many  things 
of  his  own  which  other  people  find  it  worth  while  to  remember — 
that  in  the  first  of  your  Cambridge  Papers  On  the  Foundation  of 
Algebra  you  expressed,  though  very  politely,  a  certain  degree  of 
dissent  from  my  general  philosophical  (or  if  you  choose  t*»philoso- 
phioal)  view  of  the  subject.  I  am  conscious  of  having  expressed 
that  view,  such  as  it  was,  obscurely  at  the  time,  nor  have  I  much 
hope  of  being  able  to  express  it  more  clearly  now,  vnthout  taking 
more  trouble  and  occupying  more  room  than  can  perhaps  be  well 
spared  from  other  things  at  present  But  as  I  have  not  yet  re- 
jected it,  and  as  the  Quaternions  did  really  arise  in  my  own  mind 
one  day  that,  being  then  fresh  from  a  reperusal  of  my  old  Essay,  I 
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renewed  my  attempts  to  oombine  my  general  notion  of  Sets  of 
Numbers,  considered  as  suggested  by  Sets  of  Moments  of  Time, 
with  geometrical  considerations  of  points  and  lines  in  tridimensional 
space,  it  has  appeared  to  me  to  be  the  most  natural,  clear,  and 
honest  course,  to  print,  as  the  First  Series  of  my  Researches  on 
Quaternions^  an  account  of  the  manner  in  which  the  mathematical 
notion  of  Time  leads  (in  my  mind  at  least)  to  a  general  conception 
of  Numerical  Sets,  which  has  by  me,  as  yet,  been  only  exemplified, 
in  anything  like  a  satisfactory  and  definite  way,  for  the  two  cases 
of  Couplets  and  Quaternions.  [Respecting  the  geometrical  applica- 
tions, the  printers  have  in  their  hands  for  that  First  Series,  less 
than  I  did  actually  commimicate  in  November,  1843,  by  speech, 
and  by  large  diagrams  which  were  then  exhibited  to  the  Academy, 
because  I  am  reserving  most  of  the  geometry  for  the  Second  SerieSy 
communicated  in  November,  1844 ;  to  be  followed  by  a  Third 
Series,  of  a  more  dynamical  character,  of  which  sketches  were 
given  to  the  Academy  in  1846 ;  and  these,  too,  probably  by  others 
with  the  list  of  which  I  forbear  from  now  alarming  your  patience. 
And  although  it  is  likely  that  I  shall  append  to  the  First  Series 
some  general  remarks,  as  yet  unwritten,  and  to  be  dated,  as  an 
appendix,  according  to  the  actual  time  of  writing  them,  which  will 
probably  not  be  until  the  printers  are  actually  ready ;  yet  I  do  not 
think  it  likely  at  present  that  I  shall  write  anything  of  a  contro- 
versial character  in  such  appended  and  general  remarks,  which 
abstinence  from  controversy,  if  it  be  realised,  will  not  I  hope  be 
accounted  disrespectful  by  you.  Metaphysical  and  logical  specu- 
lations have  a  great  charm  for  me,  but  in  a  certain  sense  and  degree 
my  mind  is  (I  think)  less  analytical  than  synthetical ;  that  is  to  say, 
as  bearing  on  the  present  subject ;  whenever  I  catch,  or  fancy  that 
I  oatch,  a  glimpse  of  a  principle,  I  am  impatient  to  apply  it — ^not 
exactly  towards  the  making  of  a  railroad,  but  still  to  apply  it  in 
flome  way  of  my  own.  Thus,  I  like  better  to  work  out  my  notion 
of  Time  into  its  mathematical  consequences,  than  to  enter  into  any 
d  priori  discussion  whether  it  be  metaphysically  correct,  though  I 
have  speculated  on  that  point  too.  And  without  pretending  to 
settle  by  any  dear  definition  beforehand  tchat  symbolical  geometry 
should  be,  I  have  been  gradually  working  into  shape,  by  trial  upon 
mathematical  questions,  my  idea  of  symbolical  geometry. 

*  Unlike  as  my  little  Papers  on  this  latter  subject  in  the  Cam" 
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bridge  and  Dublin  Mathematical  Joun^al  may  appear  to  those  other 
Papers  which  I  have  hitherto  printed  on  QuatemionSy  yet,  if  you 
have  dipped  into  both,  you  will  not  long  fail  to  recognise,  perhaps 
may  have  recognised  already,  that  the  ^'  Geometrical  Fraction  "  of 
the  one  set  is  just  the  '^  Quaternion  "  of  the  other  in  disguise. 

'I  go,  you  know,  very  seldom  to  London,  but  was  there  for 
a  while  last  August,  or  at  least  at  Glapham,  where  I  was  leaving 
my  eldest  boy  at  Mr.  Pritchard's  school.  Your  residence  was 
rather  far,  but  I  several  times  intended  to  call,  though  not  sure  of 
finding  you  at  home ;  and  the  last  thing  I  did  before  returning  to 
Ireland  was  to  make  up  a  small  packet  of  a  few  printed  Papers, 
which  I  had  designed  to  hand  you,  and  which  (I  hope)  reached 
you  by  post  soon  afterwards.  I  am  far  from  being  entitled  to 
expect  otiiers  to  acknowledge  the  arrival  of  such  things  from  me, 
since  I  seldom  expressly  and  at  the  time  acknowledge  the  many 
valuable  Papers  which  I  receive  from  other  authors;  but  if  you 
are  writing  to  me  on  any  other  subject,  I  should  be  glad  to  know 
whether  you  received,  about  Christmas  last,  a  larger  octavo 
pamphlet  on  Quaternions,  and  a  little  Paper  in  January,  On 
the  Law  of  the  Circular  Hodograph — ^to  which  I  have  since  been 
able  to  add  several  general  theorems — the  Quaternions  which  have 
long  since  become  a  calculus  (=  hobby  P)  in  my  hands  assisting  me 
most  materially  in  the  investigations.  My  reeison  for  asking  is 
that  I  would  try  to  forward  other  copies^  if  those  former  ones  did 
not  arrive.     I  remain,  &c. 

*  P.  S. — I  make  up  a  printed  copy  (first  sheet  of  No.  50  of 
Proceedings)  of  some  of  Charles  Graves's  remarks  on  Triplets,  and 
of  my  Interpretation,  &c. 

*'  Beceived  a  long  and  interesting  letter  from  you  about  March 
or  April,  last  year.  Unlucky  enough  not  to  be  able  to  find  your 
Paper  on  Triplets — ^perhaps  I  may  like  to  refer  to  it  in  my 
"Appendix"  to  the  "First  Series" — at  all  events  am  reading 
up  in  several  directions,  and  should  be  glad  even  of  the  loan  of  the 
Paper.  However,  I  am  much  interested  at  present  in  some  appli- 
cations of  Quaternions  to  Physical  Astronomy.' 
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From  the  Same  to  the  Same. 

*  Obsehvatobt,  July  10,  1847. 

*  On  Thursday  eyening,  July  Ist,  about  7  or  8  o*olook,  at  the 
Euflton  Hotel,  London,  near  the  railway  station,  before  starting 
for  liverpool  (or  rather  for  Birkenhead),  on  my  return  homeward 
from  the  Oxford  Meeting,  I  directed  to  your  residence  (7,  Gamden- 
street,  Camden  Town)  a  quarto  copy  of  my  First  Series  of  Researches 
respecting  Quaternions^  and  paid  sixpence  for  its  safe  delivery;  I 
therefore  hope  that  it  has  reached  you.  If  I  had  remained  in 
London  even  one  clear  day,  instead  of  remaining  only  an  hour  or 
two,  I  would  have  waited  on  you  with  the  Paper. 

*  Am  I  wrong  in  thinking,  or  feeling,  it  to  be  somewhat 
remarkable  that  a  false  alarm  respecting  a  relative  of  mine, 
arising  from  a  mistake  of  names,  should  have  hurried  me  home 
from  the  Oxford  Meeting  in  1832 ;  and  that  a  true  account  of 
the  death  of  the  same  aged  relative,  whose  funeral  in  Lreland  I 
was  in  time  to  attend  last  Saturday,  should  have  again  caused  me 
to  hasten  home  from  another  Oxford  Meeting  in  1847 ;  each  time, 
it  is  true,  just  about  the  close  of  the  Meeting  P — the  relative  in 
question  having  been  generally  a  remarkably  healthy  man,  and  no 
uneasiness  felt  about  his  health  until  extremely  recently,  except 
when  a  false  report  reached  me  at  Oxford,  at  the  time  above 
alluded  to,  that  he  had  been  attacked  by  cholera  fifteen  years  ago. 
It  shows  perhaps  a  predisposition  to  superstition  that  the  coinci- 
dence should  strike  me  as  it  does. 

*  I  have  the  strongest  hopes  that  the  Quaternion  Calculus  will 
simplify  physical  astronomy,  especially  in  all  those  departments 
in  which  spherical  trigonometry  is  now  employed.  But  as  yet 
I  don't  pretend  to  have  done  more  than  to  have  proved  that  my 
Calculus  does  really  take  hold  of  the  subject :  that  it  is  adequate 
to  work  out  new  and  true  expressions  for  the  perturbations  of  the 
moon  and  planets  which  agree  with  known  results,  when  translated 
into  the  known  forms  of  language.  Whether  a  sufficient  compen- 
sation is  afforded  for  the  trouble  of  acquiring  some  new  habits  of 
calculation,  and  giving  up  some  old  ones,  I  am  not  an  impartial, 
and  therefore  not  a  competent  judge.  But  it  is  my  business  to 
multiply  the  materials  for  others  to  form  their  judgment  upon; 
and  this,  if  it  be  an  arduous,  is  also  a  delightful  task.    The 
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freshneBS  whioh  old  subjects  reoeive,  at  least  to  me,  from  my  new 
view  of  them,  is  a  charm  sufficient  to  repay  me  for  any  amount  of 
labour.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  Jxdy  12,  1847. 

^  I  have  received  the  Paper,  for  which  thanks.  When  I  am  a 
little  out  of  my  logical  undertaking  I  hope  to  read  it  attentively. 

'  I  hope  you  remember  that  you  have  to  send  me  the  second 
part^  I  think,  of  your  dynamical  Paper,  which,  apropos  of  the  list 
of  your  works  which  I  sent,  you  found  I  had  not  got. 

^  Your  coincidence  is  a  curious  one — that  your  relative  should 
never  be  either  truly  or  falsely  said  to  be  dimgerously  iU,  except 
to  hurry  you  from  the  Meetings  at  Oxford  alone.  There  can  of 
course  be  no  discoverable  connexion  between  the  two  things.  That 
there  is  no  connexion  is  more  than  I  know  or  you  either. 

^  I  am  myself  past  thinking  anything  too  extraordinary  to  b& 
true.  If  we  knew  everything,  should  we  or  should  we  not  find 
that  all  things  are  connected  P  that  every  action  of  every  man 
that  ever  lived  is  connected  with  every  action  of  every  other  man 
that  ever  lived  P 

*  We  know  that  every  motion  of  every  particle  of  matter  has- 
its  effect  upon  the  motion  of  every  other  particle. 

'  If  the  law  of  attraction  be  veritably  and  physically  true,  such 
must  be  the  case.  One  man  was  so  staggered  by  the  idea  that  his 
snufi  attracted  the  snufE  in  the  Satumian  snuffboxes,  that  he  wrot& 
a  book  against  gravitation. 

'Now  is  there  a  mental  dynamics?  I  can't  tell.  In  these 
matters  I  can  admit  the  possibility  of  anything,  as  long  as  a 
man  says  he  can't  prove  it. 

'  There  are  two  things  which  want  a  good  deal  of  consideration 

The  action  of  moonlight, 
The  stories  of  ghosts. 

I  never  reject  the  whole  world's  opinion  entirely.  In  all  nations 
it  is  a  maxim  that  there  are  certain  things  not  to  be  done  in 
gardening  when  the  moon  is  growing;  and  in  all  nations  there 
are  independent  assertions  of  phenomena  marking  the  deaths  of 
friends  to  the  absent.    The  two  things  stand  alike ;  there  is  for 
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Ixyth  independent  and  universal  tradition,  oonstantly  affirmed  to 
be  reinforced  by  fresh  observations ;  for  both,  vulgar  exaggeration ; 
for  bothy  the  almost  universal  rejection  of  philosophers ;  for  both, 
continual  exceptions  to  the  rule  of  rejection  on  the  part  of  educated 
men ;  for  both,  cases  of  isolated  facts,  in  the  evidence  for  which 
the  flaws  seem  to  be  invented,  not  discovered.  And  so  I  leave  them 
both. 

'  I  have  almost  forgotten  all  about  triple  algebra.  I  have  no 
doubt  of  the  applicability  of  the  quaternions.  How  can  a  compli- 
cated and  self-consistent  system  fail  to  represent  complicated  things 
with  relative  ease  P ' 


li'om  the  Same  to  the  Same. 

^Auffustn,  1848. 

'I  am  glad  to  hear  of  your  generally  better  health — ^report, 
backed  by  Gbaves,  asserts  it. 

*Now  to  my  subject.  Long  time  ago  I  wrote  you  a  list  of 
your  own  works  in  my  possession  and  asked  if  it  was  complete,  to 
which  you  replied,  "  No,  the  second  part  of  the  Method  of  Dy- 
namics is  wanted,  which  I  will  send  you."  Now,  if  you  made  a 
Jesuitical  reservation  in  your  own  mind  and  added  to  yourself — 
When  the  Union  is  repealed — all  I  can  say  is,  that  such  reference 
in  Kakndas  Hibemicas  leads  to  odious  comparisons ;  and  I  think 
to  myself.  Why  the  other  Sir  William  Hamilton  would  have  used 
me  better  than  that. 

*  Here  have  your  tracts  been  lying  in  a  heap,  of  which  I  am 
now  sending  twenty  volumes  to  the  binder,  when  they  might  have 
been  vertically  shelved  in  all  the  honour  of  leather  and  the  glory 
of  gilding. 

^Pray  think  of  my  case,  or  rather  of  the  impossibility  of 
putting  a  case  on  the  matter  of  this  letter.  And  if  you  cannot 
find  a  copy,  send  me  at  least  a  reference  to  the  volume  of  the 
Philosophical  Transactions. 

*  For  as  to  binding  an  imperfect  set — a  bibliographical  con- 
science revolts  at  it,  and  an  Irishman  in  these  days  ought  to 
sympathize  with  revolt  of  any  kind.  Or  if  you  are  ever  so  strong 
a  loyalist,  you  ought  to  allow  your  tracts  to  feel  a  sense  of  obliga- 

VOL.  III.  T 
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tion  as  well  as  yourself ,  whioh  thej  oannot  do  as  long  as  they  are 
unbound. 

'I  suppose  this  letter  will  find  you  on  your  return  from 
Swansea,  if  you  are  there.' 

From  Sib  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsertatobt,  August  21,  1848. 

*  I  am  really  flattered  by  your  wishing  to  have  that  oopy  of 
my  Second  Essay  on  a  G-eneral  Method  in  Dynamios.  I  own  I 
think  it  has  some  Talue,  but  one  thing  puts  another  out  of  my 
head.  After  some  years,  or  possibly  even  sooner,  if  my  health, 
which  is  quite  strong  at  present,  lasts,  I  may  be  induced  to  resume 
the  subject,  with  such  lights  as  later  reflection  may  have  given, 
but  I  feel  that  it  will  be  a  shame  if  I  do  not  publish,  after  some 
time,  a  quatemionic  treatise  on  mechanics ;  for  I  account  quater- 
nions an  instrument^  and  not  a  toy. 

^Wonderful  to  relate,  however,  the  quaternions  have  been 
almost  entirely  out  of  my  head  for  the  last  month  or  six  weeks, 
but  I  am  going  to  attack  them  again,  and  indeed  Charles  Graves 
has  been  pressing  me  to  produce  some  book^  large  or  small,  on  the 
subject,  which  he  can  desire  mathematical  students  in  Dublin  to 
buy.  The  little  intennption  to  my  thoughts,  which  has  arisen 
partly  from  some  private  causes  (including  the  illness  of  a  relation}, 
and  partly  from  some  anxiety  about  the  state  of  this  country,  may 
turn  out  to  have  been  of  service  to  me.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camden-stbeet,  Camden  Town, 
'April  28,  1849. 

<  Mr.  Erck  brought  me  your  Papers,  for  which  thanks.  I  have 
asked  him  to  come  to  the  Astronomical  Society,  where  he  will  find 
an  atmosphere  full  of  notions  which  will  do  him  good.  He  seems 
to  have  an  idea  that  a  man  with  a  long  head  and  a  short  equatorial 
can  do  nothing  to  the  purpose :  he  must  be  taught  better.  We 
have  men  here,  or  have  had,  who  would  have  been  all  the  better  of 
shortening  their  telescopes,  if  the  piece  cut  off  could  have  been 
added  to  their  working  hours.  What  do  you  say,  as  a  meta- 
physician, to  a  piece  of  length  cut  off  and  added  to  time  P 
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^  Tell  the  boys  that  I  am  qxiite  of  opimon  that  co-  ce>-  is  1,  or 
xather  that  a  co-  co-  is  (co- )'.  But  I  should  like  them  to  ex- 
plain this  :  How  is  it  that  co-  e(f  drinks  as  well  at  a  round  table 
as  at  a  square  one  P  And  how  is  it  that  the  ouckoo  is  not  a  square 
bird,  but  remarkably  squat  P  Is  it  the  little  variation  of  spelling 
that  does  all  this,  or  has  it  rather  reference  to  change  of  meaning  P 
This  is  a  puzzle  for  them.  I  had  no  idea  you  had  sons  old  enough 
to  be  trigonometrical. 

^  I  have  often  used  the  phrase  co-cosine  in  my  lectures. 

'  I  am  printing  nothing  at  this  moment,  save  a  solution  of  the 
old  trial  equation 

done  by  a  pupil  of  mine,  and  verified  by  another  euqation,  to  103 
places.    To  wit, 

X  «  2-09455148154232659148238654057930 
29638573061056282391803041285290 
45312189983483667146267281777157 
767859  +. 

Another  tried  150  places,  but  broke  down  at  the  76th,  which  was 
wrong. 

^  There  is  a  great  deal  to  be  done  in  organization  of  processes — 
but  not  after  midnight — so  I  subscribe  myself,  the  right  to  date  as 
below*  haying  just  accrued.' 

From  the  Same  to  the  Samb. 

*  7,  Camdek-stsebt,  Camden  Town, 
'Augu9t  30,  1849. 

*  You  are  perhaps  aware  that,  in  the  new  arrangements  for  the 
Oolleges,  Young  has  lost  his  situation  at  Belfast ;  but  you  may 
not  perhaps  be  aware  that  it  has  utterly  ruined  him,  and  that 
he  and  his  family  wiU  probably  be  without  any  means  of  support. 

'  I  hope  you  know  and  think  enough  of  his  long  exertions  to 
be  willing  to  use  what  you  have  of  influence — which  ought  to  be 
something  in  such  a  matter — to  induce  Government  to  do  some- 
thing for  him,  cut  out  as  he  is  by  their  means  from  his  subsistence. 
I  have  written  to  Mr.  Tennent,  the  Member  for  Belfast,  whom  I 

*  Professor  De  Morgan  dates  his  letters  at  the  end. 

T  2 
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knew  long  ago,  and  should  he  feel  able  to  make  any  application  I 
hope  you  will  feel  able  to  baok  it.  It  seems  to  me  a  very  cruel 
case,  and  one  which  might  easily  be  avoided,  for  I  should  suppose 
there  are  many  things  within  Government  patronage  for  which 
Young  is  quite  fit. 

From  SiB  W.  R.  Hamilton  to  A.  De  Morgan. 

'  Obsirvatort,  September  24,  1849. 

'I  hope  you  received  what  was,  almost  literally,  only  a  line 
from  me,  in  answer  to,  or  at  least  in  acknowledgment  of,  your 
letter  respecting  Professor  Young.  Although,  having  never  been 
consulted  as  to  any  of  the  details  of  the  new  Colleges,  I  have 
not  made  myself  so  far  acquainted  with  them  as,  even  yet,  to 
understand  how  Professor  Young  has  lost  any  situation  by  the  new 
arrangements ;  yet  I  am  too  well  informed,  through  Mr.  Spiller 
and  through  you,  of  the  fact  of  his  being  deeply  injured,  to  have 
any  doubt  on  the  matter. 

*  At  the  very  moment  when  your  letter  arrived  I  was  deep  in 
conversation  with  Mr.  Hargreave  on  the  subject ;  and  had  just 
been  asking  him  to  join  me  and  others,  in  backing  any  memorial 
to  Government  which  may  be  drawn  up  by  any  competent  hand  in 
favour  of  Professor  Young ;  which  he  expressed  himself  as  willing 
to  do.  I  mean  the  mathematician,  medallist,  and  now  Commis- 
sioner Hargreave,  who  lately  made  me  a  visit.  His  notion  was 
that  the  new  College  in  Belfast  could  only  injure  Professor  Young 
by  tending  to  introduce  a  formidable  rivalry;  but  there  must, 
from  what  I  hear,  be  something  more  injurious  to  him  than  this, 
though  I  cannot  yet  understand  what  it  is.  I  shall  be  most  willing 
to  join  you  and  others  in  backing  his  claims  on  the  Government — 
with  whom,  however,  I  have  no  pretensions  to  exert  influence^ 
although  I  have  always  met  with  courtesy  at  their  hands. 

'  I  have  to  thank  you  for  a  former  note  respecting  Mr.  Erck^ 
who  was  much  obliged  by  your  attention,  and  expressed  himself 
to  me  as  having  not  only  enjoyed  but  profited  by  his  visit  to 
London. 

^  I  remember  that  in  a  hasty  line,  forwarded  by  him,  I  said 
something  to  you  about  "  co-,''  as  a  symbolic  square  root  of  unity. 
More  lately,  I  was  assisting  my  eldest  boy,  who  is  more  than 
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fifteen  now,  to  form  the  equation  of  a  perpendicular  by  co-ordi- 
nates ;  and  he  saw  dearly  that  if  two  perpendicular  right  lines 
through  the  origin  have  for  equations 

and  if  we  write  €  =ftj  we  shall  have  also  t  -fl,  and  /.  pt  =  t^ 
y  «=  1.  But  here  he  was  disposed  to  think  that  we  must  have 
y »  ±  1 ;  whereupon  I  took  the  occasion  to  give  him  some  notion 
of  the  Calculus  of  Functions,  and  mentioned  your  work  thereon. 
Dr.  Peacock  remarked  to  me  four  years  ago  that  Functions  and 
Quaternions  have  several  analogies  ...  I  have,  you  know,  infinitely 
many  solutions  of  the  equation  p'  »  -  1 ;  namely,  those  included  in 
the  form  p-ix-\-jy-¥kZy  where  xy%  need  only  satisfy  the  one 

•condition — 

«»  +  y»  +  «'  =  1.' 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Camdsn-stbbbT)  Camden  Town, 
•  September  26,  1849. 

^  The  manner  in  which  poor  Young  is  ruined  is  as  follows : — 
The  Belfast  Institution,  in  which  he  was  Professor,  was  supported 
partly  by  G-ovemment  allowances,  partly  by  pupils.  On  the 
foundation  of  the  new  Government  GoUege,  the  Gt)vemment 
allowances  are  withdrawn,  and  the  managers  dissolve  the  Institu- 
tion. So  that  his  situation  is  in  fact  abolished — and  directly  by 
the  act  of  Government. 

*  Any  one  would  have  supposed  that  a  man  of  his  name  and 
worth  would  have  been  allowed  to  step  from  one  place  into  the 
other.  But  poor  Young  is  no  partizan;  and  in  the  focus  of 
religious  dissension  in  which  he  lives  such  a  person  has  no 
friends. 

*  Hargreave  is  my  old  pupil,  and  is  in  every  point  of  view  an 
acquisition  to  the  acquaintance  of  anyone. 

'What  has  not  analogy  with  functional  calculus?  In  fact 
•algebra  itseU  is  a  functional  calculus.  The  a's  and  6's  are,  if  you 
like,  symbols  of  operation,  not  of  quantity,  the  subject  of  operation 
being  the  concealed  unit. 

'  I  send  you  a  few  loose  thoughts : — 

'1.  lif  {Xf  y,  z)  be  homogeneous  with  respect  to  the  three 


278  Correspondence  between  Sir  W.  Rowan  Hamilton  and 

letters,  we  know  that 

/  (a;  +  fl,  y  +  6,  »  +  c)  =  0 

is  a  cone.    But  we  know  that  if  a,  (9  c  be  infinite,  this  oone  is  a 
cylinder,  and  has  for  equation 

/ (/?a?  +  g'y  +  r«,  p'x  +  qy  +  /«)  =  0. 

How  are  we  to  show  by  pure  algebra  that  the  first  form  takes  the- 
second,  when  a,  i,  c  are  infinite,  or  any  one  of  them  P ' 

[The  remaining  "  loose  thoughts  "  are  oonceming — 

2.  The  number  of  solutions  of  the  indeterminate  equation 
aa?  +  6y  =  c,  and  the  limit  for  <?  =  a6  -  a  -  6  beyond  which  the^ 
equation  always  admits  of  solution. 

3.  The  meaning  of  the  total  area  of  a  closed  circuit,  in  tha 
case  of  a  curve  which  intersects  itself  any  number  of  times.* 

*  I  find  the  result  which  follows : — 

^  Take  a  point  ▲  (outside  the  whole  circuit  is  most  convenient, 
but  the  modification  of  the  rule  for  an  inside  point  is  easy)  outside 
the  circuit.  Take  the  element  (infinitely  small)  of  which  you  want 
to  settle  how  often  it  goes  positively  into  the  area,  and  how  often 
negatively,  and  draw  a  line  through  that  element  and  the  outside 
point. 

'Name  a  positive  and  negative  direction  of  revolution:  go 
round  the  circuit,  and  every  time  you  cross  the  test-line  mark  the 
direction  in  which  you  are  revolving  round  a.  Take  the  balance 
of  +  and  -  on  one  side  of  the  element  to  be  tested  (either  side  will 
do).  Suppose  the  balance  is  3.  Then  the  element,  say  dVeiOier 
enters  as  +  3t^For  -  3(i{F.  Take  every  element,  either  choosing 
your  balance  always  on  the  off-side  from  a,  or  always  on  the  near 
side,  and  integration  gives  the  area;  +  in  one  case,  -  in  the  other. 

'  The  theorem  is,  that  though  your  circuit  is  as  long  and  as 
tprtuous  (you  make  parentheses,  and  so  can  I :  I  never  began  but 
one  chancery  suit,  and  that  in  the  court  of  worst  reputation  of  all,, 
the  Irish ;  and  the  moment  the  biU  was  filed,  my  party  produced 
liis  accounts,  and  altered  every  unsatisfactory  item  on  demand)  as. 


*  In  the  Carnbridge  and  Dublin  Mathematical  Journal^  1850,  Vol.  v.  pp. 
139-142,  there  is  a  Paper  hy  A.  De  Morgan  on  this  suhjeot,  dated  Ootoher  9^ 
1849,  as  is  indicated  in  his  letter,  dated  Ootoher  11,  1849. 
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a  Chanceiy  suity  the  balonoe  is  always  the  same  number  for  the 
same  element.* 

'4.  This  area  question  would  require  what  may  be  called  a 
swing-swang  integration 

where  /  signifies  integration  forwards  from  a  to  jS,  back  from  /3  to  7, 
forwards  from  7  to  S,  and  so  on.' 

This  applies  to  the  question  of  the  greatest  area  on  a  given 
chord  bounded  by  a  given  length  of  arc,  in  the  cases  that  the  circu* 
lar  arc  which  is  found  is  greater  or  not  than  a  semicircle.] 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*•  Observatory,  October  3, 1849. 

^  If  I  lay  a  letter  out  of  my  hands  for  a  few  hours,  without 
answering  it,  I  am  sure  to  find  that  it  has  been  swept  away  and 
covered  up,  for  the  time,  by  the  Oharybdis  of  my  other  papers. 
No  doubt,  every  such  missing  treasure  may  be  expected,  at  some 
future  time,  to  emerge  to  view ;  and  may  then  be  suddenly  seized, 
by  a  bold  and  ready  hand.  Thus,  from  month  to  month,  or  at 
least  from  year  to  year,  I  find  a  note  or  two  of  yours  eddying 
upward  to  the  light;  but,  for  the  instant,  your  last  long  (and 
welcome)  letter  is  invisible.  However,  I  remember  much  of  its 
contents,  and  shall  send  something  now  in  answer  to  one^  at  least 
of  its  "  loose  thoughts." 

'  If  we  have  a  homogeneoius  equation 

we  may  put  it  under  the  form 

/'  {px  +  qy  -¥  rZy  p'x  +  /y  +  /»,  p"x  +  q''y  +  r'z)  =  0, 

where  pqrpYi^p"^y  are  arbitrary  but  constant  co-efficients,  and 
'/'  is  still  a  homogeneous  function  of  three  variables ;  or  we  may 

write 

.  .  _  —f  px  +  qf/  +  rz        px  •\'  ^y  -^  rz  \ 

\p  x-^  q  y  •¥  r  z     px-^qy-\-rzj 
where  the  function  F  is  not  obliged  to  be  homogeneous.    And 

*  Kote  that  in  a  real  Chanoery  suit  the  balance  generally  varies  with  the 
point  of  view  from  which  the  case  is  looked  at. 
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nothing  hinders  us  to  afisume 

when  ^  is  a  new  arbitrary  multiplier,  and  ^  is  a  new  arbitrary 
function  of  ttco  independent  variables.  Thus  we  shall  have  the 
transformation, 

when  /  is  still  homogeneous  relatively  to  its  three  variables,  but 
^  is  an  arbitrary  function,  and  p  .  .  .¥'  and  t  are  ten  arbitrary  and 
independent  constants.  Change  now  (as  you  desire)  a;,  y,  s,  to  a?  +  a, 
y  +  i,  2  +  c,  where  a,  i,  c  are  three  new  arbitrary  constants ;  and 
suppose  these  to  be  connected  with  the  ten  preceding  constants 
by  the  three  relations, 

jpa  +  gA  +  re  «  0,    p'a  +  /6  +  /c  =  0,    p"a  +  ^'h  +  f^'c  =  ^, 

we  shall  thus  have  the  new  equation  of  transformation, 

/  (a;  +  fl,  y  +  6,  «  +  c) 

/  j^a?  +  yy  +  ra  p'x  +  /y  +  rz         \ 

"  *  \\  +  ^^  [^"x  +  /V  +  r"«)  '  1  +  ^»  (i?"a;  +  ^'V  +  ^"«)/ 

Conceive  next  that  a,  i,  c,  /,  together  tend  to  infinity,  still  satisfying 
the  three  conditions  lately  written,  while  a?,  y,  »,  ^sApqrp'^rp'^'r' 
continue  finite ;  the  limiting  result  will  be  the  following : — 

/{x-^a^    y  +  6,    »  +  c)  «  ^  ( j9af  +  jy  +  r»,   p'x  +  q'y  +  r  «), 

which  seems  to  meet  your  requisition,  since  it  does  not  expressly 
refer  to  geometry,  though  you  will  not  fail  to  see  that  the  process 
was  suggested  to  me  by  geometrical  considerations,  namely,  by  the 
conception  of  a  cone  reduced  to  a  cylinder  by  being  thinned  while 
its  vertex  is  retnoved. 

*  If  we  neglected  so  to  thin  the  cone,  we  should  only  magnify  it 
into  a  vast  helmet  in  some  Castle  of  Otranto ;  whereas  we  want  to 
convert  it  into  a  gigantic  extinguisher,  fit  to  be  clapped  upon  a 
wick  unsnuffed  iot  an  eternity,  and  by  consequence  infinitely  long. 
If  you  laugh  at  the  bull,  don't  forget  that  it  would  be  just  as 
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muoh  a  blunder  if  any  beginner  were  to  fancy  that  (for  example) 
the  equilateral  or  rectangular  cone  of  revolutiony 

a?«  +  y»  -  «•  -  0, 

•oould  ever  become  a  cylinder^  by  the  mere  remotion  of  its  vertex. 
The  surface 

is  still  an  equilateral  cone,  however  large  the  constant  c  may  be  ; 
but  if  we  thin  this  cone  indefinitely,  by  (for  instance)  introducing 
the  factor  c^  into  its  last  term,  and  thus  writing 

ar*  +  y'  -  c"'  (a  +  cf  «  0, 

Men,  indeed,  the  limiting  result  will  be  a  cylinder,  namely, 

a?  +  y*  -  1  =  0. 

*  Lest  this  letter  should  either  grow  like  the  wick  of  my  country- 
man's candle,  or  on  the  other  hand  be  quite  blown  out,  and  fail  to 
reach  your  eyes  at  all,  by  any  incipient  procrastination,  I  shall 
43end  it  away  at  once. 

'I  have  not  been  in  Dublin  since,  to  forward  my  batch  of 
Abstracts. 

*  A  Dublin  paper,  which  some  time  ago  accused  Mr.  Hargreave 
of  being  young j  has  lately  been  saying  that  Baron  Bichards  is 
here^  Doctor  Longfield  therej  and  Mr.  Hargreave  nowhere.*  Do  you 
happen  to  know  his  present  address  ?  I  was  very  glad  to  meet 
him.' 

From  A.  De  Moboan  to  Sir  W.  B.  Hamilton. 

<  7,  Camden-stbest,  Camdkit  Town, 
<  October  5,  1849. 

*  Tour  solution  is  exactly  the  thing — some  commodious  way  of 
keeping  the  lower  end  of  the  cone  within  bounds  was  just  what  I 
wanted. 

^  I  have  heard  from  the  Member  for  Belfast,  who  will  support 
the  memorial  (and  has  supported  the  claim  already)  in  favour  of 
the  disbanded  professors.  He  thinks  it  will  be  referred  by  Lord 
John  Bussell  to  Lord  Clarendon. 

'  I  do  not  know  Hargreave's  address. 

*  GommiBsionera  of  the  Enciunbered  Estates  Court. 
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[He  then  returns  to  the  question  of  the  area  of  a  oirouit  as  it 
is  discussed  in  the  Paper  in  the  Cambridge  and  Dublin  Journal 
of  Mathematics,  abeady  oited,  and  concludes]  : — 

*  For  your  boys  you  may  put  it  thus : 

*  To  puzzle  a  churchwarden,  let  the  black  line  be  the  boundary 
of  the  parish,  then  the  parts  shaded  red  are  out  of  the  parish. 

^  If  a  part  marked  1  pay  tithe,  then  (2)  pays  double  tithe ;  but 
to  the  inhabitants  of  -  1  the  parson  pays  tithe. 

'  If  a  boy  driving  his  hoop  in  1  is  to  have  one  cut  from  the 
beadle's  cane,  then  a  boy  doing  the  same  in  (2)  is  to  have  two  cuts ; 
but  a  boy  so  employed  in  -  1  may  give  the  beadle  a  cut,  I  think 
with  his  own  cane,  what  does  the  formula  say  P  May  the  boy  use 
his  own  hoopstick  P  * 

li'om  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

•  Obsbbvatort  op  T.  C.  D.,  October  10,  1849. 

^  Many  thanks  for  your  figure,  which  I  am  sure  will  be  worth 
studying.  A  little  daughter  of  mine,  about  nine  years  old,  who 
has  a  formula  for  anything  new  she  learns  from  me,  '*  Deeply 
interesting,  combined  with  being  deeply  curious  and  instructive,'' 
after  gazing  for  some  time  on  your  "walls  of  Troy" — so  my 
schoolboy  companions  used  to  call  a  labyrinth  on  a  slate  or  paper 
— commenced  her  usual  exclamation,  and  got  as  iox  as  "  Deeply 
interesting,  combined  with  being  deeply  curious";  but  there 
stopped  short,  and  said,  "  I  cannot  add,  and  imtructivej  for  I  do 
not  understand  it  at  all." 

^  Her  papa  is  in  a  little  better  condition  on  the  subject,  and  that 
is  all  he  can  say,  as  yet.  But  in  earnest,  from  such  attention  as  I 
have  hitherto  given  to  the  matter,  I  think  that  the  speculation  is 
not  unlikely  to  have  even  practical  fruits;  nor  would  it  at  all 
surprise  me  if  some  electrical  phenomena  of  circuits  were  found  to 
correspond  to  your  law. 

'  The  remarks  on  integration  reminded  me  of  a  mode  of  proving 
by  quaternions  an  important  but  known  proposition  respecting 
polyhedra,  which  corresponds  to  the  physical  possibility  (or  fact)  of 
equilibrium  of  a  closed  body  immersed  in  a  fluid  of  the  same 
specific  gravity ;  but  though  you  were  one  of  the  first  persons  who 
noticed  the  Quaternions,  the  proof  might  merely  bore  you. 
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*  The  enunciations  on  the  first  half  of  this  sheet  may,  however, 
interest  you,  though  the  Athenceum  leaves  them  unreported  as 
abstruse*  I  own  I  should  be  curious  to  see  (what  no  doubt  can  be 
given)  a  demonstration  of  either  theorem  by  oo-ordinates. 

^  You  saw,  of  ooursoy  what  (oddly  enough)  I  did  not  at  onoe 
perceive  myself,  that  I  was  tacitly  assuming  your  homogeneous 
function /to  be  of  dimension  zero ;  but  this  seems  not  to  limit  the 
essential  generality  of  the  question. 

'  I  have  not  yet  got  to  Dublin  to  send  off  my  parcel  for  you. 
The  enclosed  note  will  show  that  I  was  not  allowed  to  indulge  myself 
respecting  Professor  Young  in  the  way  I  proposed ;  but  I  may  still 
be  of  some  little  use,  by  signing  a  memorial/ 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

« 7  Camden-street,  Camden  Towir, 
*  October  n,  1849. 

*  Nothing  about  Quaternions  will  bore  me,  if  I  can  only  make 
it  bore  through  me.  Ink  must  be  cheap  in  Ireland  if  you  can 
afford  to  waste  it  on  such  a  supposition  as  that. 

^I  have  thought  more  than  once  about  electric  currents  in 
reference  to  my  area  conimdrum.  I  suppose  the  qualitative 
character  of  formulsa  expressing  the  action  of  a  current  on  a  point 
must  depend  upon  the  law  of  signs  I  have  given — in  some  way. 

*  But  I  am  a  searcher  after  things  mental — ^not  material — and 
to  me,  whose  business  of  life  it  is  to  study  the  development  of  the 

I        mind — ^the  interpretation  of 

S  (iTfl,  y^n^i  -  y„  a?,»+i) 

is  practical — while  the  progress  of  electricity  through  a  wire  is 
comparatively  theoretical. 

*  The  demonstration  is  very  easy.  I  hope  to  have  it  in  print 
in  the  next  number  of  the  Cambridge  and  Dublin  Mathefnatical 

^        Journal. 

^  I  could  make  a  teetotum  game  out  of  it  for  your  little  girl. 

*  I  agree  with  the  Athenceum^  that  your  theorems  are  abstruse ; 
but  they  should  have  reported  them  for  those  who  like  abstruse 


f  *  Bespecting  insoription  of  gauohe  polygons  in  sorfaoes  of  the  second  order. 

Printed  in  Proceedings  of  the  K.  I.  A.,  for  June  25,  1849. 


384  Correspondence  between  Sir  W*  Rowan  Hamilton  and 


things.    It  is  a  oase  in  which  geometry  must  teaoh  algebra  a 
demonstration. 

^Your  theorem  ought  not  to  subdivide.  The  odd  polygon 
ought  to  be  the  even  one,  with  one  evanesoent  side.  Pascal's 
theorem  about  the  hexagon  is  equally  a  theorem  for  a  5-  or  4-  or  3- 
sided  figure.  For  instance,  draw  a  A  and  tangents  at  the  angular 
points.  These  tangents  are  the  directions  of  evanescent  sides  of 
a  hexagon,  and  the  theorem  of  the  intersections  remains. 

*  I  have  not  heard  anything  more  of  poor  Young.' 

lyom  the  Samb  to  the  Same. 

*  7,  Camden-stbxet,  Caicden  Towk, 
'  November  12,  1849. 

*  Your  parcel  received  this  day  by  Mr.  Erck ;  and  I  await  your 
instructions  as  to  the  disposal  of  the  copies  for  which  you  have  a 
disposal.  The  rest  I  will  take  care  shall  go  to  people  who  are  up 
to  such  things. 

*  Here  is  an  enigma  for  your  little  girl :  Who  ought  to  have  his 
heart  in  his  head  ?  Answer — A  teacher ;  for,  primOf  he  ought  to 
have  his  heart  in  his  subject ;  secundOy  he  ought  to  have  his  sub- 
ject in  his  head ;  ergo^  he  ought  to  have  his  heart  in  his  head. 
The  only  objection  I  have  heard  is  from  a  teacher  of  anatomy, 
who  objects  very  much  to  having  any  heart  in  his  subject  except 
that  subject's  own,  and  sees  difficulty  in  cairying  his  subject  in  his 
head. 

'  With  thanks  for  my  copy  of  the  above-mentioned.' 

From  the  Samb  to  the  Samb. 

'  7,  Caksen-stbxet,  Cakdbn  Towir, 
'April  6, 1860. 

^  I  cite  you  to  tell  me  who  the  abstracts  are  for,  with  the  follow- 
ing theorem : — 

[He  then  takes  the  equations  of  a  line  XiX  ^-y^  +  1  =  0,  and 
calls  this  line  and  the  point  P,  whose  co-ordinates  are  Xi^  yi 
relatives.  He  next  takes  the  equations  of  two  conies  such  that 
the  coefficients  of  the  second  are  the  same  as  those  in  the  tan- 
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gential  equation  of  the  first,  and  mentions  that  those  of  the  first 
are  srinilarly  related  to  the  co-efficients  of  the  second.] 

*  Or  the  connexion  of  the  co-efficients  is  one  of  reciprocity. 

'  Moreoyer,  if  any  point  whatsoever  be  taken  in  the  plane  of 
the  two  curves,  say  P ;  and  if  the  curves  be  called  (r)  and  ( F), 

*  The  polar  (point)  of  the  relative  (line)  of  P,  derived  from  (t^) 
is  the  same  as  the  relative  (point)  of  the  polar  (line)  of  P,  derived 
from  ( V).    And  (v)ice  (V)ers4. 

^  And  this  last  theorem  contains,  and  is  contained  in,  the  rela- 
tion of  the  co-efficients  mentioned  above. 

'  I  was  looking  to  day  over  my  Cambridge  and  D  TIBLIN  Mathe* 
matical  JoumalSy  making  them  up  for  binding.  I  really  think  it 
incumbent  upon  you  to  write  to  the  editor,  in  the  name  of  the  Irish 
nation,  to  know  what  he  means.  Perhaps  you  would  prefer  to  call 
a  council  of  Irish  mathematicians  first,  to  discuss  what  steps  should 
be  taken. 

*  You  will  observe  that,  from  the  moment  that  the  Dublin 
Journal  was  joined  with  the  Cambridge  one,  a  certain  Gfreek  motto 
was  put  on  the  title-page.  Now  under  this  motto  lurks  a  sly  and 
insidious  piece  of  Saxon  impertinence  (it  is  well  O'Counell  is  not 
alive).  The  motto  is,  Avwv  dvofiaraiv  fioptpti  fiia — which  can  mean 
nothing  but ''  Of  our  two  names  Murphy  is  one."  This  is  too  bad, 
really :  who  would  have  suspected  a  quiet  man  like  Thomson  of 
such  a  thing  P ' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

<  Observatort,  Tuesday  nigMf  April  9,  1850. 

*  The  theorem  you  have  been  so  good  as  to  communicate,  in  a 
letter  received  this  evening,  seems  to  me  (on,  as  I  own,  too  short 
an  examination),  to  be  included  in  the  following,  which  I  suppose 
is  known : — 

*  **  If  two  conies  {A)  and  (C),  be  polar  reciprocals  of  each  other, 
with  respect  to  another  conic  {£) ;  then  whatever  point  P  may  be 
taken  in  their  common  plane,  the  (A)  pole  of  its  {B)  polar  coin- 
cides with  the  (B)  pole  of  its  {€)  polar." 

*  In  fact,  for  three  concentric  circles,  with  radii  in  geometrical 
progression,  this  theorem  is  obvious.  And  I  think  that  a  person 
aooustomed  to  the  modem  extensions  of  geometrical  results  could 
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floaroelj  doubt,  after  seeing  this,  that  the  theorem  is  generally 
true. 

*  Now  let  the  oonio  (-4)  be  your  curve  (t?),  and  let  the  oonio  (-B) 
be  the  imaginary  unit  oirole  round  the  origin, 

a^  +  y*+  1«0; 

the  oonio  (0)  will  then  beoome  your  other  curve  ( V\ 

*  Thus  substituting  {v)  and  ( V)  for  {A)  and  ((7),  and  observing 
that  the  [B\  pole  of  a  line  is  what  you  call  its  relative  painty  while 
the  {£)  polar  of  a  point  is  what  you  call  its  relative  liney  your 
theorem  emerges  under  the  form  that 

^  The  {v)  pole  of  the  relative  line  of  any  assumed  point  P  in  the 
plane  coincides  with  the  relative  point  of  the  ( V)  polar  of  the  same 
assumed  point  P ;  the  conies  [v)  and  ( V)  being  of  course  (as  you 
notice)  interchangeable. 

^  I  shall  be  glad  to  know  (at  your  leisure)  whether  this  view  of 
your  theorem  has  occurred  to  you,  and  whether  you  approve  of  it.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Caicdkk-strbet,  Camden  Town, 
'April  14,  1860. 

'  Be  it  known  unto  you  that  I  have  discovered  that  you  and 
the  other  Sir  W.  H.  are  reciprocal  polars  with  respect  to  me  (intel- 
lectually and  morally,  for  the  Scotch  baronet  is  a  polar  bear,  and  you, 
I  was  going  to  say,  are  a  polar  gentleman,  only  I  thought  perhaps 
you  might  go  and  say  I  called  you  an  Esquimaux).  The  inteUeo- 
tual  polarity  is  of  the  kind  ^xl^x  =  -  x.  When  I  send  a  bit  of  in- 
vestigation to  Edinburgh,  the  W.  H.  of  that  ilk  says  I  took  it 
from  him.  When  I  send  you  one,  you  take  it  from  me,  generalize 
it  at  a  glance,  bestow  it  thus  generalized  upon  society  at  large,  and 
make  me  the  second  discoverer  of  a  known  theorem.  He  cuts  my 
legs  off ;  you  make  a  pair  of  legs  grow  out  of  my  head,  and  turn 
me  upside  down  to  stand  upon  them.  His  process  after  yours 
gives  ipx^x  =  -  X.  Beciprocal  polarity  the  last  and  most  agreeable ; 
your  process  involves  no  writing  of  pamphlets. 

*  I  believe  you  have  tut  it,  but  I  cannot  find  that  your  theorem 
is  known.    I  have  not  yet  demonstrated  it ;  but,  from  your  instance 
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and  mine,  it  may  be  that  this  theorem  is  only  true  when  in  the 
onrve  of  reference — 

coefficient  of  y^  =  coefficient  of  ^. 
Foncelet  has  no  theorem  of  the  class  that  I  can  find.' 

From  the  Same  to  the  Samb. 

*  7,  Camdbn-stkket,  Cavsen  Towk, 
'AprH  14,  1850. 

^  At  you  again.  I  take  it  that  the  theorem  you  gave  me  U 
involyed  in  the  very  definition  of  reciprocal  polars. 

[This  he  establishes  by  stating  the  now  well-known  principles 
of  polar  reciprocation.] 

'  N.  B. — It  is  not  necessary  that  the  reciprocal  polars  should  be 
of  the  second  degree.  Now  I  Tery  much  doubt  all  this  being 
found  anywhere/ 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

<  Obseryatobt,  A\nil  18^  1850. 

'I  abstained  yesterday  from  reading  your  note  No.  2,  as 
intending  to  turn  on  the  quaternions,  and  prove  (or  disprove)  by 
them  the  theorem  which  a  former  letter  of  yours  had  suggested  to 
me.  The  example  of  the  concentric  circles,  although  encouraging, 
did  not  upon  consideration  appear  to  me  decisive,  because,  as  you 
know,  any  two  mch  circles  in  one  plane  are  considered  to  have 
double  contact  at  infinity.  I  therefore  attacked,  this  morning,  the 
analogous  question  respecting  surfaces  of  the  second  order,  using 
my  own  calculus,  which  adapts  itself,  at  least  with  me,  more  easily 
to  surfaces  than  to  curves;  and  I  soon  had  the  satisfaction  of 
seeing  the  theorem  confirmed,  at  least  for  the  case  when  the  inter- 
mediate surface  is  a  sphere,  which  case  appears  to  me  to  be  quite 
general  enough^  and  by  no  means  confined  to  yielding  a  mere 
induction  or  probability,  however  strong.  In  fact  we  may  always, 
by  real  or  imaginary  deformation,  reduce  any  one  central  surface  of 
the  second  order  to  become  a  real  sphere  of  a  given  radius  round  a 
given  point  as  centre.    Only  what  had  before  been  real  may  then 
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beoome  imaginaryy  and  we  may  have  to  oonsider  imaginary  points 
npon  the  real  sphere,  and  I  infer  then  that,  in  spaee^  ^^  If  any  two 
surfaces  of  the  seoond  order,  A  and  C,  be  reciprocal  polars  of  each 
other  with  respect  to  a  third  surface  of  the  same  order  B,  the 
A-pole  of  the  B-polar  of  any  point  P  whatever  coincides  with 
the  B-pole  of  the  C-polar  of  that  point."  But  my  mathematical 
learning  is  far  too  slender  to  enable  me  to  pronounce  with  any 
confidence  that  this  is  a  new  result. 

*  Since  satisfying  myself  of  its  truth,  I  have  read  your  note 
No.  2,  which  seems  very  clear  and  satisfactory.  Only  I  do  not 
quite  understand  how  you  propose  to  extend  the  theorem  to  curves 
beyond  the  second  order,  on  account  of  there  being  then  several 
tangents,  and  no  one  definite  rectilinear  polar  of  a  point ;  but  pro- 
bably you  have  some  way  of  fixing  what  seems  here  unfixed. 
Perhaps  you  use  conies  instead  of  right  lines,  in  passing  to  curves 
of  the  third  degree.  It  is  fair  to  remark  that  for  conies  your 
theorem  may  be  regarded  as  virtually  including  the  one  which  it 
suggested  to  me,  and  not  merely  as  being  itself  included  therein ; 
for  the  imaginary  unit-circle  a;'  +  y*  +  1  =  0,  which  I  called  the 
conic  (B),  may  be  made  by  deformation  to  represent  any  other 
conic.  My  merit  in  the  matter,  if  any,  is  very  small ;  and  I  shall 
be  happy,  if  I  ever  print  my  result  in  a  Magazine  or  Journal,  to 
acknowledge  that  it  was  suggested  by  a  communication  from  you. 
I  wished  to  show  you  that  I  am  not  ahcays  so  stupid,  indolent,  or 
busy,  as  to  lay  aside  unstudied  the  hints  with  which  you  occasion- 
ally favour  me ;  and  I  took  the  opportunity  to  let  my  eldest  boy 
see  me  go  through  some  work  with  co-ordinates,  for  the  purpose  of 
verifying  your  theorem,  and  confirming  the  guess  that  it  gave  rise 
to.  As  to  the  subsequent  extension  to  surfaces,  I  shall  just  copy 
here  a  formula  or  two  of  such  co-ordinate  work ;  but  assure  you 
that  they  are  (in  my  case)  mere  translations  from  a  previous^  more 
general,  and,  as  I  think,  generality  being  allowed  for,  more  simple 
investigation  with  quaternions. 

'  Let,  then,  the  first  two  surfaces  be 

(A)  a-»  {x  -  ly  +  6-*  (y  -  w)»  +  c"*  (s  -  n)»  «  1 , 
and 

(B)  a*  +  y»  +  «»  «  1 : 

let  also  the  point  XFZhe  the  B-pole  of  the  A-polar  of  any  assumed 
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point  xy%  ^  we  shall  have  the  relations 

(j^(x-T)      b'*  (y  -  m)      c^' (g - n) 

X     "      r      "     z 

=  1  +  flr*/(ii?-  /)  +  J""w(y-m)  +  cr*n(«-«) 
=     .-.  (l-/X-wF-nZ)-^; 

whence  the  equation  of  the  reciprocal  polar  of  {A)^  taken  with  re- 
spect to  {B)  is 

(0)  fl'J?  +  yj*  +  c»^»=  (1  -  /X-  mF-  nZ)\ 

^  11  now  we  seek  the  B-pole,  xysj  of  the  C-polar  of  an  arbitrary 
point  of  space,  XYZj  we  are  reconducted  to  the  same  relations  as 
before ;  which  proves  the  theorem,  at  least  for  the  two  assumed 
surfaces  (A)  and  (B)  above,  and  therefore,  by  deformation,  for  any 
two  surfaces  of  the  second  order. 

*  Hoping  to  write  soon  again,  I  remain,  in  the  meanwhile,'  &c. 

[A  letter  of  Sir  W.  E.  H.,  dated  August  26,  1860,  repUes  to 
one  of  De  Morgan's  on  a  logical  subject.  It  is  not  here  printed, 
as  not  easily  intelligible  without  the  letter  to  which  it  refers,  and 
which  I  have  not  been  able  to  discover. — E.  P.  G.] 

li'om  tlie  Same  to  the  Same, 
[from  a  draft.] 

*  Obsebtatoby,  October  19,  1850. 

'1.  I  am  in  the  mood  for  writing  to  you  something  about  the 
first  principles  and  fundamental  rules  of  the  Quaternions  considered 
as  a  CakuluSy  and  that  I  may  diminish  the  risk  of  boring  you,  and 
have  a  chance  of  extracting  your  comments  with  the  least  possible 
trouble  to  yourself,  I  shall  take  as  my  text-book  your  very  valu- 
able little  volume  on  Trigonometry  and  Double  Algebra  (London, 
1849),  which  you  were  so  good  as  to  send  me  at  the  time  of  its 
publication. 

'  2.  The  Calculus  of  Quaternions  may  perhaps  be  defined  to  be 
that  extension  of  ordinary  Algebra  in  which  the  square  roots  of 
negative  nimibers  are  interpreted  as  denoting  vectors,  or  directed 
right  lines  in  tridimensional  space ;  and  in  which  such  lines  axe 

VOL.  III.  u 
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supposed  to  be  not  generally  oommutative  with  each  other  as 
factors  in  multiplioation.  They  may,  however,  be  so  oommutatiye 
as  factors,  namely,  when  they  are  parallel  to  one  conmion  line; 
and  thus  the  Calculus  of  Quaternions  includes  all  ordinary  Algebra. 

*  3.  A  general  theorem  of  (ordinary)  Algebra  is  not  necessarily 
(nor  even  usually)  applicable,  without  modification,  to  quaternions ; 
but  every  genertd  theorem  of  quaternions  is  true  for  ordinary 
Algebra.  For  example,  it  is  not  true  generally  in  quaternions 
that 

(r  +  qY  =  ^•^  +  2rq  +  ^  ; 

but  it  is  true  in  algebra,  as  well  as  in  quaternions,  that 

{r  -^^  qY  =  f^  ■\'  rq  ■\'  qr  ■\-  f*,  ' 

^  4.  Again,  it  is  not  generally  true  in  quaternions  that 

d  ,  q^  =  2q  .  dq, 

when  d  is  the  mark  of  differentiation ;  but  it  is  true  in  algebra,  as 
in  quaternions,  that 

d  .  q^  -  q  .  dq  -^  dq  ,  q. 

*  5.  Again,  we  must  not  write  in  quaternions,  as  rn  algebra, 

but  we  may  write,  in  algebra,  as  in  quaternions, 

d  .  q'^  -  f^dq  y"\ 

In  general  it  may  be  said  that  the  differential  and  integral  calculus 
of  quaternions  remains  to  be  formed ;  cdthough  a  few  things  have 
been  published  by  myself  on  the  subject,  and  on  certain  analogues 
to  Variations  and  Partial  Differentials,  with  some  applications  and 
some  solutions. 

'  6.  Although  my  **  vectors "  are  all  square  roots  of  negative 
numbers,  I  yet  am  in  the  habit  of  avoiding  the  use  of  the  symbol 
y/-  1 ;  not  as  at  all  uninterpretable  in  my  system,  but  as  being  too 
easily  interpretable ;  as  being  in  fact  (in  it)  indeterminate  and  vague. 
Every  unit-vector  in  tridimensional  space  is  with  me  equally  entitled 
to  be  described  by  the  symbol  -y/-^! ;  I  therefore  usually  avoid  to 
use  that  symbol  as  denoting  any  one  such  unit- vector ;  and  employ, 
commonly,  for  any  particular  vector,  whether  equal  or  not  equal  to 
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unity  in  length,  some  special  symbol,  namely  (snoh  is  my  custom) 
some  one  small  Greek  letter,  selected  according  to  what  may  seem 
the  [most]  convenient  in  the  case,  and  having  accents  or  indices 
annexed,  or  not  annexed,  according  to  what  seems  convenient. 
Thus,  a,  j3,  y,  .  .  .  ai,  /3',  y"  -  •  •  are  all  with  me  (often)  used  as 
symbols  of  vectors ;  and  then  it  is  to  be  understood  that  I  regard 
the  square  of  each  as  a  negative  number.' 

From  the  Same  to  the  Same. 

*  Obseryatort,  November  26,  1851. 
'  I  have  often  been  so  abominably  lazy  as  to  acknowledging 
your  kind  attentions  that  on  this  one  occasion,  at  least,  I  resolve 
not  to  lose  a  post.  Let  me  then  thank  you  for  your  Paper,  on 
"  Becent  Discoveries  on  the  Invention  of  Fluxions,"  received  by 
post  this  morning. 

*  I  think  that  you  do  our  species  a  service,  by  assisting  to  vindi- 
cate, from  the  charge  of  plagiarism,  the  memory  of  a  great  man 
[Leibnitz].  For  my  own  pcurt,  I  find  it  difficult  to  believe  in  any 
instance  of  such  a  thing,  it  is  so  pleasant  to  confess  an  obligation. 
Tet  with  the  usual  inconsistency  of  human  nature  I  have  (I  own 
it  with  regret)  at  times  suspected  that  /  have  been  plagiarised 
from,  by  one  (not  very  high)  contemporary — ^not  yow,  nor  any  one 
like  you.    But  I  deeply  distrust  such  distrust. 

*  My  book  on  the  Quaternions  is  advancing  rapidly — I  have 
just  been  correcting  the  slip  2  f  3,  which  will  bring  it  somewhat 
beyond  440  octavo  pages.  I  first  aimed  at  200,  but  shall  now 
congratulate  myself  if  I  get  off  under  500  pages.*  You  should  be 
most  welcome  to  copies  of  all  the  sheets  hitherto  printed,  if  I 
fancied  that  you  would  accept  them,  in  the  present  state  of  the 
publication.  In  fact  I  should  like  to  send  them,  but  think  it  not 
quite  fair  to/orce  what  may  be  thought  a  confidence  on  anyone. 

*  Tou  might  do  me  a  material  service,  if  you  chose,  with  little 
or  no  distraction  to  yourself.  I  mean  that  you  are  so  much  better 
acquainted  than  I  am  with  the  history  of  science,  ancient  and 
modem,  that  it  would  cost  you  little  or  no  trouble,  while  it  would 
be  hard  work  and  new  work  to  me,  to  put  the  finger  on  the  books 
which  ought  to  be  acknowledged,  as  preceding  the  invention  of 


*  The  number,  including  the  preface,  did  actually  reach  888. 
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the  qnatemions,  and  as  having  any  sort  of  oonnezion  therewith. 
Sometimes  it  has  ooonrred  to  me  to  ask  your  leave  to  re^nt  your 
list  of  references,  prefixed  to  your  own  remarkable  book  on  Double 
Algebra ;  but  again,  I  have  thought  that  this  might  seem  to  be 
assuming  to  myself  the  merit  of  a  certain  amount  of  research  to 
which  I  have  no  claim ;  for  there  are  several  of  the  works,  referred 
to  in  your  list,  which  I  have  never  even  seen.  Indeed  it  is  as 
notorious  as  public  confessions  of  mine  can  have  made  it,  that  a 
degree  of  familiarity  with  what  you  have  happily  named  Double 
Algebra,  preceded  in  my  own  mind,  by  several  years,  the  thought 
of  quaternions  and  %et% ;  although  the  conception  of  such  *^  sets," 
suggested  by  views  about  time^  occurred  to  me  at  least  as  early  as 
1834,  and  was  publicly  written  of  by  me  in  1835.  But,  on  the 
whole,  I  have  several  times  thought,  and  Charles  Ghraves  appeared 
to  agree  with  me  when  I  once  mentioned  it  to  him,  that  the  rela- 
tion between  Double  Algebra  and  the  Quaternions  is  rather  one  of 
contrast  than  of  resemblance,  although  it  is  undoubtedly  possible, 
by  some  not  difficult  modifications,  which  I  should  be  happy  to 
submit  to  you,  to  exhibit  the  quaternions  as  including  the  results 
of  Double  Algebra.  A  quaternion  may  always  be  reduced  to  the 
form  of  a  couple^ 

a  +  y/- 1  J. 

But  in  my  nearly  finished  work,  which  will,  however,  cost  me 
several  weeks  of  hard  work  still,  I  have  chosen,  for  the  sake  of  what 
seemed  clearness,  to  take  a  more  purely  geometrical  view  of  the 
whole  matter,  with  a  continual  reference  to  space  of  three  dimen- 
sions. And  it  is  chiefly  with  reference  to  such  a  view,  that  I  desire 
to  be  furnished  with  references  to  persons  who  may  have  preceded 
me.  But  if,  either  on  this  or  any  other  aspect  of  the  matter,  you 
choose  to  favour  me  with  any  remarks,  I  shall  very  gladly  receive 
them ;  and  if  you  choose,  or  permit,  it  would  give  me  pleasure  to 
prefix,  or  append,  to  my  book,  any  letter  of  yours  on  the  subject.' 

Frofn  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

'  7,  Caxden-strbrt,  Caxden  Town, 
•November  26,  1861. 

*  I  have  seen  one  sheet  which  your  son  brought  me — and  a  very 
likely  youth  he  seems — I  think  you  will  find  him  make  his  way — 
if  one  dare  judge  by  a  few  minutes'  conversation. 
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'  I  beg  you  will  send  me  the  part  prmted,  without  scruple. 
There  is  a  pleasure  in  reading  while  anything  that  strikes  may  do 
service ;  it  is  the  reyiewer's  feeling  Christianized. 

*  There  is  no  danger  of  my  being  in  any  of  your  thoughts,  in 
any  manner  which  may  oblige  me  to  take  care  what  I  do.  For  I 
haye,  ever  since  I  published  on  triple  algebra,  had  a  kind  of  re- 
pugnance to  letting  the  country  beyond  double  algebra  occupy 
my  thoughts,  and  I  am  quite  bare  of  everything  except  casual 
reading  on  quaternions  from  your  pen.  I  hit  accidentally  upon 
what  I  believe  to  be  the  reason  of  this  very  curious — and  with  me 
unusual,  indeed  unique — ^recoiling  from  a  subject  I  had  once 
thought  about.  Taking  up  a  copy  of  my  Paper  on  Triplets  I  saw 
the  date,  and  it  reminded  me  that  while  I  was  thinking  about  it 
poor  F.  Baily  was  lying  on  his  death-bed ;  and,  as  I  used  to  walk 
down  day  after  day  to  hear  that  he  was  growing  worse  and  worse 
I  had  the  triple  algebra  in  my  thoughts ;  and  I  believe  that  after 
the  Paper  was  printed  I  used  to  remember  it  with  a  kind  of  disgust. 

*  Another  Sir  W.  Hamilton  once  offered  me  communication  of 
his  impubUshed  speculations,  and  we  had  a  row  about  it.  But 
there  is  no  fear  here.  First,  because  I  am  not  on  the  same  sub- 
ject; secondly,  because  you  are  not  a  controversialist  by  habit, 
and  have  too  many  novelties  in  your  head  to  be  mono — some- 
thing, or  very  near  it — about  one.  The  history  of  Sir  W.  H.'s 
mind  on  the  quantification  of  the  predicate  would  be  a  curious 
thing. 

*  Ajssuredly  the  quaternions  must  contain  the  double  algebra. 
Your  couplets  of  time  must  have  suggested  triplets  and  n-leta, 
(N.  B. — What  are  -v/-  1-lets.)  But  you  can  hardly  have  failed 
to  look  at  the  question  in  connexion  with  double  algebra — not  as 
time — at  the  moment  when  you  thought  of  the  triplets.  I  should 
say— ^ac«  Graves  and  yourself  both — ^that  both  contrasts  and 
analogies  must  have  occupied  your  mind.  In  fact,  we  may  ask, 
do  contrasts  ever  strike  except  in  connexion  with  analogies  ?  We 
contract  green  and  red :  do  we  ever  think  of  the  contrast  between 
green  and  loud  P  certainly  not,  except  when  we  happen  to  contrast 
sight  and  hearing — •perceptions  both.  Differences  are,  I  think,  not 
thought  of  as  other  than  the  separators  of  species — under  one  genus. 
And  there  is  logic  for  you. 

^  I  should  be  very  glad,  if  you  would  tell  me  in  confidence  of 
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whom  it  passes  through  your  mind  that  he  has  plagiarised  you.  I 
think  I  might  perhaps  remove  the  impression,  or  point  out  some- 
thing still  stronger  in  some  person  above  suspicion.  I  have  thought 
a  good  deal  about  plagiarism — guilty  and  innocent.  There  is  a 
kind  of  plagiarism  which  no  one  can  guard  against.  It  is  the  light 
which  another  person's  results  throw  upon  his  own  previous  thoughtsi 
without  taking  an  atom  of  his  wick  or  his  oil. 

*  I  see  that  by  a  most  extraordinaiy  f  orgetf  ulness  I  have  not 
mentioned  your  time-paper  in  the  list  you  refer  to.  I  can  only 
account  for  this  by  supposing  that  I  made  sure  I  could  not  forget 
it,  and  made  no  note,  or  perhaps  I  could  think  of  nothing  but  the 
geometrical  view. 

^  Wheatstone  (who  has  a  great  love  for  pure  speculation)  is 
very  strong  upon  what  the  Germans  have  been  doing.  When  I 
get  your  sheets  I  shall  apply  to  him  to  know  what  he  can  tell  me. 

*  P.  S. — ^Unfortunately  one  cannot  clear  Leibnitz  without  incul- 
pating others.  I  think  myself  that  plagiarism  is  very  uncommon 
among  really  great  men.    But  I  have  my  doubts  as  to  Laplace.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

'RoTAL  Ibish  AcADEiCT,  December  1,  1851. 

*  I  received  with  great  pleasure  your  note,  by  a  late  post  on 
Saturday,  when  I  was  about  to  start  for  an  evening  meeting  of  the 
B.  I.  A.,  and  now  write  these  few  lines  to  acknowledge  it,  at  the 
Council  table  of  the  same  body,  after  the  other  Members  have 
gone. 

'  At  this  moment  I  only  send  you  as  an  instalment  the  first  two 
sheets,  and  you  will  see  that  the  printing  was  begun  so  long  ago  as 
1848,  though  it  is  only  lately  that  I  have  been  really  active  at  the 
work. 

*  I  am  aiming  at  publication  early  next  year,  but  shall  prize 
very  much  any  criticisms  from  you,  and  any  hints  respecting 
anticipations,  or  even  concurrent  or  later  investigations,  which 
have  any  connexion  with  the  subject.  Something  (not  much)  I 
do  know  of  what  has  been  done  abroad,  which  I  hope  to  notice  in 
preface,  notes,  or  appendix.  My  knowledge  of  it  is  too  slight,  and 
came  too  late,  to  enable  me  with  any  convenience,  or  indeed  pro- 
priety, to  speak  of  it  in  the  text;  it  is,  for  instance,  pretty  recently 
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(lonff  after  my  printing  was  begun),  that  I  have  heard  anything 
of  an  employment  like  my  own,  of  £  -  -4  in  geometry.  To  me 
the  thought  of  using  that  symbol  was  familiar,  I  suppose  twenty 
years  ago.  More  than  sixteen  years  ago  I  published  the  analogous 
use  of  it,  as  denoting  what  I  called  a  time-stepy  as  it  is  in  the  quater- 
nions a  apace'Step  (from  Ato  £).  So  little  am  I  sore  on  points  of 
that  sort,  though  indeed  it  would  be  hard  for  me  to  have  that 
feeling  towards  youy  that  I  never  missed  my  name,  or  the  ^'  Pure 
Time,''  from  your  list  of  references  (which  is  not  just  now  at  my 
hand),  nor  do  I  think  that  you  were  bound  to  refer  to  it,  even  if  it 
had  been  in  your  remembrance. 

^  I  have  every  confidence  in  Wheatstone.  Act  as  you  think  fit 
respecting  him. 

'  How  do  you  advise  me  to  send  the  other  sheets  P ' 

I^om  A.  De  Morgan  t^  Sir  W.  B.  Hamilton. 

*  7,  Camdbn-stbbbt,  Camden  Towir, 
^December  4,  1851. 

^  Being  deep  in  such  a  sublunary  thing  as  a  life  assurance 
report,  I  have  no  time  at  this  moment  to  do  more  than  acknow- 
ledge. Next  week  I  shall  set  to  reading — being  (this  word  to  pre- 
vent ambiguity)  yours  truly.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

[from  a  draft.]* 

<  Obsbrvatobt,  December  8,  1851. 

*  If  you  allow  me  to  continue  to  correspond  with  you  on  the 
subject  of  my  forthcoming  work,  you  must  make  up  your  mind  to 
my  being  often  intensely  egotistical,  especially  at  present.  Re- 
member that  as  far  as  separate  publication  goes,  I  am  a  virgin 
author  I  feel  quite  conscious  and  embarrassed,  although  having 
been  in  some  degree  before  the  mathematical  world  since  my  boy- 
hood. It  is  almost  exactly  twenty-seven  years  since  Dr.  Brinkley 
laid  my  first  paper  (and  an  elaborate  one  it  was ;  it  is  in  my  posses- 
sion) on  a  general  theory  of  Caustics  before  the  Council  of  the 
Royal  Irish  Academy. 

*  It  would  appear  that  this  letter  was  not  sent. 
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'You  would  do  me  no  great  good  by  critioising— and  I  can 
oonoeive  your  feeling  a  temptation  to  do  so — ^the  metaphysios  of  the 
early  articles  at  present*  I  know  that  I  have  not  done  justice  even  to 
my  own  views  in  that  direction^  much  less  to  existing  philosophy : 
%ed  liberavi  animam  meam.  I  could  not  bring  myself  to  enter  on 
the  subject  without  some  such  introductory  remarks,  and  must 
only  hope  that  while  thus  imperfectly  recording  some  moods  or 
frames  of  mind,  which  have  really  influenced  myself  in  mathema- 
tical speculations  of  the  class  we  are  now  considering,  I  shall  not 
have  materially  embarrassed  the  path  of  any  student  who  will 
have  even  a  moderate  degree  of  patience  to  wait  till  he  sees  how  I 
use  the  notions  with  which  I  profess  to  set  out.  At  one  time  I 
read  a  good  deal  of  Kant's  works  in  the  G-erman,  besides  portions 
of  Plato  in  the  Greek  :  it  is  one  of  my  hopes  to  resume,  at  what 
may  be  called  leisure  hours,  some  of  my  old  studies  of  that  kind, 
and  to  combine  with  them  the  reading  of  some  other  and  more 
Aristotelian  than  Platonic  works — including  the  "  Formal  Logic  P  '* 
— although  my  own  personal  temperament  of  mind  is  far  more 
Platonic  than  Aristotelian.  Don't  be  so  malicious  as  to  quote  the 
Malim  cum  Platone  errarCy  however  applicable  you  may  think  it  ta 
be ;  and  let  me  tell  you  that  when  I  was  a  boy  at  College  I  acquired 
some  undergraduate  renown  by  a  short  proof  (which  I  have  totally 
forgotten,  and  which  would  at  all  events  have  been  since  super- 
seded by  one  of  Mr.  Boole's),  that  in  no  legitimate  syllogism  can 
the  conclusion  change  place  with  either  of  the  premises. 

*  At  Oxford,  in  1847,  I  showed  as  your  moon  to  Mr.  Hallam, 
t)ie  historian,  reflecting  on  him  at  breakfast  in  Christ  Church  your 
illustration  about  the  white  cravats  and  white  waistcoats  (was  that 
it  P)  having  each  a  majority  in  some  party,  some  member  of  which 
was  thence  inferred  to  have  worn  both.  The  earth  revolved  on  ita 
axis ;  and  Mr.  Hallam  told  me  the  next  morning,  at  our  next 
breakfast,  that  he  was  convinced.  It  is  only  honest  to  add  that  I 
passed  an  evening  in  company  with  my  namesake  in  Edinburgh 
in  1850,  and  thought  him  an  interesting  person,  although  it  waa 
often  very  difiicult,  from  his  physical  infirmities,  to  collect  distinctly 
what  he  said.' 
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From  the  Same  to  the  Same. 

*  Obsebvatort,  December  10,  1861. 

*  Thanks  for  your  line  of  acknowledgment  of  my  first  twa 
sheets.    You  have,  I  hope,  received  three  others  since. 

*  I  have  not  A(i//-answered  your  former  note,  but  shall  return 
to  subjects  contained  in  it — plagiarism  and  all  that.  As  to  myself, 
I  am  sure  that  I  mmt  have  often  reproduced  things  which  I  had 
read  long  before,  without  being  able  to  identify  them  as  belonging 
to  other  persons.  However,  in  the  present  case,  as  regards  my 
work  in  hand,  you  will  see,  and  I  must  try  to  make  it  plain  to 
others,  that  I  do  not  design  it  as  a  treatise  on  algebra,  nor  on 
geometry,  nor  on  the  philosophy  of  mathematical  science,  nor  even 
on  the  interpretation  of  the  symbol  ^/-'l  (which,  in  fact,  I  rarely 
use) ;  but  simply  as  an  introductory  treatise  on  the  quaternions^ 
designed  to  make  quite  clear  the  meanings  of  the  chief  notations  of 
my  calculus,  and  the  truth  of  the  chief  principles  which  I  employ, 
with  respect  to  the  combinations  of  its  peculiar  symbols  ;  the  whole 
being  viewed,  on  this  occasion,  with  express  and  almost  exclusive 
reference  to  geometry  of  three  dimensions,  although  illustrated 
from  astronomy,  and  indeed  partly  from  mechanics.  Unless  it 
can  be  shown  that  I  have  been  anticipated  in  the  conception  of  the 
quaternion,  especially  as  connected  with  such  geometry,  or  in  the 
laws  of  combination  of  my  t,  j,  k  (t*  «y'  =  A;' »  yA  =  - 1),  not  to  speak 
of  the  notations  K,  8,  T,  U,  V,  which  might  at  need  be  dispensed 
with,  I  shall  with  great  equanimity  see  claimed  any  subordinate  or 
illustrative  results ;  though  it  is  true  that  I  do,  at  present,  suppose 
many  of  the  results  of  the  calculus  to  be  new. 

'  Even  if  the  ijk  themselves  should  at  last  go  overboard  from 
my  own  bark  into  the  general  sea  of  science — a  very  bad  metaphor  I 
or  (better)  if,  on  farther  search  through  my  own  little  island,  I 
shall  find  planted  some  former  flag,  I  trust  that  I  should  still  I08& 
BO  jot  of  heart  or  hope. 

*  Non  ego,  cum  soribo,  si  forte  quid  aptius  exit, 
Quando  heec  rara  avis  est,  si  quid  tamen  aptius  exit, 
Laudari  metuam :  neque  enim  mihi  cornea  fibra  est : 
Sed  recti  finemque  extremumque  esse  recuso 
Euge  tuum  et  Belle. 

*As  to  my  terminology,  I  took  pains  with  it,  but  am  aware 
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that  plausible^  perhaps  just,  objections  may  be  made.  I  might 
have  shrunk  from  adopting  the  word  "scalar/'  which  I  did  (I 
think)  in  1844,  if  I  could  have  known  that  you  were  to  use  that 
word  in  so  different  and  in  so  important  a  sense,  at  the  close  of 
your  Double  Algebra.  It  was  not  easy  to  foresee  that  you  would 
establish  such  formulae  as 

(a+  6)x   (c+  d\—ay^   c+  ax  (^+  ix   C+   ix  d\ 
the  common  value  here  being 

7MX(XaX6)X(X(;Arf)). 

I  don't  want  to  explain  away  my  obligations  to  Double  Algebra — 
in  the  filiation  of  ideas,  it  was  the  parent,  or  grand-parent,  of  the 
Quaternions — an  undutiful  chap,  who  complains  that  its  old  dad 
does  not  go  fa^t  enough  a/iead !  In  fact,  as  respects  geometry/  at 
leoflt,  my  expectations  from  Double  Algebra  are  very  limited. 
Even  within  the  field  of  the  two  dimensions,  it  has  in  my  eyes  the 
fatal  fault  of  leaving  no  imaginariesy  or  at  least  no  impomhlea :  an 
odd  complaint  to  make !  but  there  reallt/  are  unrealities  in  geometry, 
fiuch  as  the  intersections  of  a  circle  with  a  wholly  external  right 
line,  and  these  mtMt  be  dealt  with.  Now  my  quaternions  deal 
with  all  such  with  ease  and  profit,  at  least  my  biquatemiona  do  so, 
a  biquatemion  being 

where v/-l  is  the  old  symbol,  and  q^  q'  are  quaternions.  They 
reproduce,  for  instance,  Poncelet's  ideal  sections^  and  lead  to  many 
new  and  analogous  results.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  If  Gamden-stbebt,  Cauden  Towk, 
^December  15,  1851. 

^  I  have  received  up  to  page  112,  and  have  pretty  nearly  read 
them,  but  am  too  busy  to  write  this  week.  However,  I  think  you 
need  not  be  a&aid  of  missing  any  acknowledgments  you  ought  to 
make.    Next  week  I  will  discuss  this  topic' 
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From  SiE  W.  E.  Hamilton  to  Professor  De  Morgan. 

Obsbhtatobt,  December  16,  1851. 

^I  intend  to  have  a  set  of  twteB^  at  the  end,  with  no  other 
arrangement  than  the  numbering  of  the  articles  of  the  text,  so  that 
there  will  be  the  greatest  ease  and  freedom  for  inserting  anj  remarks 
which  you  may  think  fit  to  make,  and  may  allow  me  to  insert,  with 
your  initials,  or  name  in  full,  if  to  both  of  us  that  course  shall  seem 
good,  as  I  can  scarcely  fancy  my  oton  objecting  to  it. 

*  I  am  quite  aware  of  faults,  but  do  not  feel,  or  rather  do  not 
judge,  that  longer  time  spent  on  consideration  would  have  made 
the  work  much  less  faulty.  And  as  to  history y  I  despair  of  writing 
anything  worth  notice  on  that^  within  the  remaining  time,  except 
80  far  as  I  may  be  assisted  by  friends.  Perhaps  I  shall  be  driven 
to  make  one  sweeping  and  true  declaration  of  want  of  preparation 
on  that  head.' 

From  Professor  De  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  CAMDEPr-STREBT,  GaMDBN  TOWIT, 

*  December  n,  1851. 

*  I  am  glad  you  have  adjourned  till  February.  Do  not  be  too 
sure  even  of  that  month. 

*  I  will  set  you  at  rest  about  the  history  in  a  day  or  two.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

*  Obsebvatobt,  December  18,  1851. 

*  Of  course  you  must  be  right  in  saying  that  the  sheets  of  my 
Lectures,  which  you  had  received  when  you  last  wrote,  went  no 
farther  than  page  112.  But  I  had  fancied,  and  had  even  written 
it  down  as  a  memorandum  in  one  of  my  many  manuscript-books, 
from  recollection,  however,  when  so  writing  it,  that  my  sealed 
packet  of  the  10th  contained  the  three  sheets.  A,  H,  I,  extending 
to  page  128.  It  will  console  me  for  the  blunder  so  committed  in 
my  memorandum  made  from  recollection  of  a  packet  dispatched 
in  haste,  if  I  shall  find  myself  to  have  ako  blundered  in  another 
part  of  the  said  memorandum,  and  not  in  my  letter  to  yourself. 
I  refer  to  my  quotation  from  Fersius — one  that,  like  some  others 
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from  the  same  stiff,  stoical,  uncyrenaio,  and  non-Horatian  writer, 
although  he  had  the  taste  or  sense  to  admire  Flaocns,  impressed 
itself  long  ago  on  mj  own  somewhat  stoical  mind,  such  as  the 
'^  Nee  te  qusBsiyeris  extra,"  on  which  indeed  I  plead  guilty  to 
having  once  written  a  sonnet.     Was  I  then  such  an  ass  as  to  write 

'*  Euge  tauin  aique  Belle  "  P 

instead  of  et.  After  dashing  off  my  letter  to  you,  I  went  out  to 
walk  in  my  garden — which  was  once  Brinkley's,  and  has  had  its 
walks  trod  by  many  illustrious  visitors ;  Wordsworth  was  once  a 
guest  of  mine,  and  I  have  a  "  Wordsworth's  Walk,"  and  the  said 
garden  led  me  long  ago  into  the  perpetration  of  a  couple  of  other 
sonnets — and  while  I  was  so  walking,  the  enormity  of  my  offence 
against  Prosody  flashed  across  me,  if  indeed  I  did  commit  it,  by 
writing  the  aforesaid  Atque,  What  could  De  Morgan  think  of  me ! 
To  be  sure,  he  saysy  in  his  "Formal  Logic,"  that  he  is  not  scholar 
enough  to  give  a  decided  opinion  on  the  meaning  of  a  certain 
Qreek  verb;  but  that  is  just  one  of  the  few  points  on  which  I 
fTonV  take  his  own  word, 

*  By  the  way,  I  picked  up  yesterday,  for  the  splendid  sum  of 
one  shilling,  a  work  almost  exactly  as  old  as  myself,  and  which 
will  be,  I  think,  a  real  treat  to  you.  I  have  already  written  in  it 
an  inscription  to  the  author  of  the  "  Formal  Logic,"  in  the  pages  of 
which  book  you  somewhere  avow  that  you  have  been  unable  to 
procure  the  work  I  speak  of ;  the  beauty  of  the  business  being 
that  you  did  not  know  so  much  as  how  to  refer  to  it.  Pro- 
bably you  don't  even  know  its  name :  but  I  made  sure  of  there 
being  a  correct  and  proper  title-page  (1805).  Enjoying  the  plea- 
sure of  tantalising  you,  and  of,  for  once  in  my  life,  knowing  more 
of  bibliography  than  yourself,  I  remain,  &c.' 

JVow  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camdek-street,  Cahbsn  Towir, 
^December  20,  1851. 

*  Tour  memorandum  is  right  and  wrong  to  your  liking.  Ton 
did  send  up  to  p.  128,  and  you  did  not  write  atque  for  et.  And  as 
to  my  detecting  it,  I  should  certainly  have  known  that  atque  belle 
was  not  a  dactyl,  because  I  remember  about  long  by  position  (a 
right  the  parson  too  often  takes  in  the  pulpit) ;  but  if  it  had  been 
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'One  of  your  doubtful  oases,  I  never  oould  have  trusted  my  own 
memory.  What  I  say  about  my  scholarship  is  but  too  true.  In 
middle  Latin  I  am  a  fluent  reader,  and  that  is  the  best  I  oan  say. 
At  sohool  I  could  do  what  I  liked ;  but  as  I  also  would  do  what  I 
likedy  I  turned  off  to  mathematics. 

^  I  shall  be  very  much  obliged  to  you  for  the  book.  I  remember 
no  place  where  I  have  mentioned  a  book  I  could  not  name,  except 
in  the  appendix,  where  I  say  I  have  heard  some  books  (not  book), 
used  in  the  Irish  Colleges,  make  the  rules  of  syllogism  expressly 
dependent  on  the  exclusion  of  contraries.  Graves  was  my  informant, 
but  he  afterwards  told  me  that  he  did  not  so  much  refer  to  books, 
■as  to  ctiU  (as  he  called  them),  common  in  college,  meaning  pro- 
blems. But  I  shall  be  glad  to  see  a  book  of  your  date  to  watch 
this  point. 

*  On  Monday,  I  think,  I  shall  write  on  your  question  of  priority. 
Wheatstone  sent  me  a  list  of  some  books  to  day. 

*  And  so  you  have  not  given  up  sonneteering.  Did  you  ever 
read  the  poem  called  the  "  Loves  of  the  Triangles "  P  or  Bosco- 
vich's  poem  on  Eclipses?  or  St.  Prosper  on  GhraceP  the  only 
poem  the  Jesuits,  who  educated  D'Alembert,  would  recommend 
him  to  read ;  they  said  poetry  dried  up  the  heart.  As  you  are  a 
nascitur'non-fit  poet,  you  have  a  right  to  your  inspirations.' 

From  Sir  W.  E.  Hamilton  to  A.  DbMoboak. 

^Obsesvatobt,  December  23,  1851. 

^  I  send  three  more  sheets,  and  regret  to  say  that  I  am  not  now 
sure  (on  reflection)  that  you  will  care  much  for  the  logical  book  which 
I  picked  up  for  you,  although  I  still  intend  to  forward  it,  as  a  little 
mark  of  good  will.  It  ran  in  my  head  that  you  had  stated,  in  one 
of  the  notes  to  the  '*  Formal  Logic,"  that  you  had  heard  of  the  ex- 
istence of  a  work  used  in  Dublin,  without  being  able  to  procure  it, 
which  work  contained  some  coincidence  with  your  views,  on  some 
important  point,  I  forget  what.  And  I  remember  well  that  when 
a  boy  I  had  read  carefully  Walker's  Logic,  as  we  used  to  call  it, 
but  in  fact  a  Commentary  on  a  Compendium  by  Murray,  which 
latter  was  a  poor  concern,  and  although  nominally  a  text-book  here 
at  the  time,  was  generally  considered  to  have  little  other  value 
than  what  the  comment  gave  it.    And  I  knew  that  Walker — John 
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Walker,  founder  of  a  religious  sect,  editor  of  Luoian  and  livj^ 
author  of  a  sound  book  on  the  Philosophy  of  Arithmetio,  and  on 
the  Elements  of  Algebra,  a  learned  and  good  man,  whatever  / 
may  think  of  his  leaving  the  Churoh  of  England,  which  it  is  fair 
to  say  he  did  at  great  personal  loss — had  laid  much  stress  on  the 
possibility  of  treating  negative  propositions  as  affirmative  ones,  and 
of  converting  them  as  such.  For  instance,  his  not-^nastiffis,  not-a-d^g^ 
rang  still  in  my  ear.  I  suppose  Walker  conceived  that  the  Dublin 
youths  whom  he  addressed  were  sons  of  sporting  sires,  and  that  a 
talk  about  greyhounds  was  likely  to  allure  the  gaudent[e8]  equis 
canibmque.  But  I  am  by  no  means  certain  that  this  was  the  point 
(if  there  was  any)  on  which  you  had  been  told  of  some  ooncurrenoe 
with  your  views. 

*  P.  S. — The  edition  is  the  firsts  and  I  believe  now  scarce — 
Dublin,  1805.  I  took  care  to  see  that  there  was  a  titk-page^  but 
cannot  copy  it  now. 

^  2nd  P.  S. — I  was  reading  for  some  hours,  before  breakfast  this 
morning,  Warren's  book,  and  yours,  on  */- 1,  and  you  have  nar- 
rowly escaped  a  letter  on  that  subject.' 

From  the  Sa.me  to  the  Same. 

'  Obsbbvatobt,  December  24,  1851. 

*  I  am  not  such  an  inveterate  sonneteer  as  you  seem  to  suspect 
me  of  being,  at  least  as  to  quantity,  for  I  only  composed /otir  this 
year,  and  they  were  called  forth  by  the  death  of  the  late  Lord 
Northampton,  with  whom  I  had  long  enjoyed  what  might  be 
called,  and  what  in  fact  he  did  call,  intimacy;  while  yet  we  were 
sufficiently  far  separated,  by  rank  and  fortune,  and  even  by  our 
living  habitually  in  difierent  parts  of  the  world,  to  prevent  that 
crushing  sensation  of  disaster,  which  has  hindered  me  from  ever 
writing  any  verses  on  the  death  of  any  blood-relation  of  my  own ; 
were  it  not  for  which  sensation,  I  might  have  felt  inclined  to 
attempt  some  elegiac  record  of  my  poet  sister,  Eliza  Mary 
Hamilton,  who  died  in  my  arms  last  May. 

^  I  send  you  the  only  one  of  the  three  old  sonnets,  mentioned 
in  a  former  note,  which  even  /  can  think  worth  copying ;  and 
Apropos  to  the  chief  subject  of  our  present  correspondence,  I  throw 
in  a  sonnet  on  "  The  Tetractys,"  occasioned  by  the  recollection,  in 
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1846,  of  conversations  with  Sir  John  Hersohel,  enjoyed  that  year 
at  Collingwood.  On  my  showing  the  lines  afterwards  to  a  poetical 
and  philosophical  Mend,  since  dead,  Professor  William  Archer 
Butler  of  Dublin,  he  said  to  me,  '^I  see  clearly  now  that  your 
Uuatemions  are  a  gross  plagiarism  from  Pythagoras."  A  curious 
acknowledgment  would  not  this  be,  to  be  included  among  those  with 
which  you  and  Wheatstone  will  supply  me  P  I  have  no  depot  of 
sheets  here^  but  send  z,  &o. 

^  I  wrote  something  about  the  logic  yesterday.' 

"From  the  Same  to  the  Same. 

'  Obsebyatobt,  Chi-istmas  JEve,  1851. 

*  To  give  myself  a  chance  of  forgetting  the  Quaternions  to- 
morrow, I  desired  the  messenger,  who  was  to  post  my  note  of 
to-day,  with  the  sheets  z,  2  a,  2  b,  to  procure,  what  I  now  enclose, 
and  what  completes  my  book  so  far  as  hitherto  printed  (7/f,  although 
most  of  sheet  2  h  is  in  type,  the  three  remaining  sheets,  x,  y,  and 
2  G,  from  the  store  with  my  printers  in  Dublin.  I  am  ashamed  to 
say,  "  from  their  depdty^  or  from  my  depdt  withAem,  after  using  that 
word,  as  I  now  remember  that  I  did,  this  morning,  and  omitting 
the  circumflex  accent.  Certainly  I  make  no  pretension  to  remem- 
bering the  French  accents  generally ;  an  Oxonian  would  shudder 
to  be  told,  what  is  too  true,  that  I  am  constantly  forgetting  the 
Qreek  ones.  But  in  this  particular  case,  if  I  had  not  written  in 
great  haste,  I  ought  to  have  recollected  the  obvious  etymology, 
depositum^  d^ost,  dip6t.  I  have,  or  had,  a  charming  old  book  of 
fairy  tales,  and  am  sure  that  I  have  read  other  old  Erench  books^ 
in  which  one  constantly  met  such  spellings  as  estre^  qu^il  fusty  and 
soforth,  since  changed,  as  every  one  knows,  to  Hre^fut :  fite  was 
/e&tCy  &c. ;  though  I  won't  assert  that  the  rule  is  universal. 

'  My  own  spelling,  in  the  book  in  hand,  has  perhaps  often  been 
capricious.  I  don't  intend  to  bind  myself  by  it  in  any  future 
work,  though  for  the  moment  I  have  aimed  to  be  at  least  consistent, 
and  even  this  humble  aim  has  not  been  always  attained,  in  the  case 
of  the  words  farther  and  further.  I  scarcely  ever  look  into  an 
English  Dictionary,  and  for  many  years  had  no  Latin  one  here — 
not  till  my  boys  required  it ;  but  when  I  was  a  boy  myself,  what- 
ever language  I  was  studying,  I  used  to  make  it  a  rule,  never  to 
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^udge  looking  out  for  a  word  in  the  Lexicon,  or  other  word-book ; 
which  of  oourse  made  it  more  possible  for  me  habitually  to  diBpense 
with  them  afterwards.' 

From  A.  Db  Morgan  to  Sib  W.  R.  Hamilton. 

*  7,  Camden-stbeet,  Cakden  Town, 
<D«c6m5«r  27,  1851. 

*  I  have  never  fairly  got  time  to  sit  down  for  a  long  letter  till 
this  evening ;  but  I  will,  D.  Y.,  settle  the  plagiary  question  before 
I  finish  it.  Various  packets — the  last  received  this  morning — ^give 
me  everything  up  to  p.  464.  To  make  a  clear  stage.  First,  thank 
you  for  the  sonnets,  the  one  about  Tetractys  is  quite  professional 
and  happily  worded.  I  trust  the  last  line  of  the  one  to  the  Gharden 
is  only  poetry,  and  that  you  do  not  set  up  for  a  really  imhappy 
man.*  There  is  every  right  to  tell  downright  falsehoods  in  poetry : 
rhyme  and  reason  are  what  my  logical  terminology  caUs  sub-con- 
traries, or  as  I  freely  construe  Horace — Semper  fuit  cequa  potesfas 
— it  is  quite  impossible  to  say — quidlibet  audendi — ^which  are  the 
greatest  liars — pictoribuB  atque  poetis — painters  or  poets. 

^  The  book  on  logic  will  not  be  a  bit  the  less  useful,  because  I 
do  not  refer  to  any  specific  book.  If  I  can  establish  by  positive 
evidence  that  the  idea  of  contraries  affecting  the  laws  of  syllogism 
was  fioating  about  in  university  problems,  and  by  negative  evidence 
that  it  was  never  introduced  into  the  books,  it  will  be  a  fact  worth 
noting — one  little  instance  of  the  fear  of  going  beyond  or  out  of 
Aristotle,  which  prevails  to  this  day. 

^  John  Walker  was  the  very  man  to  be  an  exception.  I  did 
not  know  him,  but  he  lived  in  Gamden-street  years  ago,  within  a 
door  or  two  of  where  I  now  live.  I  have  heard  the  people  here 
speak  very  highly  of  his  scholarship ;  and  I  know  his  arithmetic 
somewhat,  and  his  geometry  better.  The  last  is  a  very  powerful 
book.  I  shall  be  very  glad  to  have  his  Logic,  or  his  Notes.  His 
books  are  not  much  on  the  stalls :  those  who  have  them  keep  them. 

*  Ab  to  d^otj  I  hold  that  the  word  has  become  vernacular  and 
has  lost  its  accent.  You  say  you  have  forgotten  the  Gtreok  accents. 


<  Some  transient  vision,  or  some  oonfliot  brief 
'Twixt  the  intruder  Joy  and  dweller  Grief.' 

Suproy  vol.  ii.,  p.  15. 
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I  never  knew  them,  at  least  in  school  teaching.  I  do  not  believe 
in  them.  I  have  heard  it  suspected  that  they  are  the  work  of  the 
time  when  pronunciation  began  to  depart  from  quantity,  and  it 
became  necessary  to  mark  the  mode  of  departure. 

*  Now  as  to  the  quaternions.  Your  Paper  on  pure  time  was 
read  in  November,  1833,*  and  the  essay  on  quaternions  ten 
years  after  (November,  1843). 

'  Peacock's  report  on  analysis  was  published  in  1834.  It  is  so 
full  on  the  foundation  of  algebra,  and  Peacock  is  so  much  master 
of  the  bibliography  of  that  time,  that  I  take  it  as  beyond  question 
the  works  which  he  omits  may  be  considered  as  out  of  your  reach, 
unless  you  have  special  reason  to  know  the  contrary  in  any  case  or 
oases. 

*  Wheatstone  mentions  the  TheorvB  Residuorum  Biquadraticorum 
commentatio  secunda^  by  Q-auss,  Gottingen,  1832  ;  and  says  that  it 
is  a  notice  in  this  work  which  has  avowedly  called  the  attention  of 
all  the  subsequent  writers  in  Germany  to  this  subject. 

*  It  seems,  then,  that  about  1831-33  there  was  a  revival^  as  the 
Americans  call  it,  of  pure  algebraical  speculation — ^that  you  have  a 
share  in  it  as  the  author  of  the  Paper  on  pure  time. 

'  It  seems  to  me  that  all  the  generalities  of  the  Paper  on  pure 
time  are  in  the  fullest  sense  incapable  of  being  transferred  else- 
where, unless  you  can  do  it  yourself.  The  subject  was  not  at  that 
time  in  vogue.  Mr.  Warren's  books  (whether  you  saw  them  or 
not)  do  not  treat  of  general  interpretation,  or  a  priori  search  after 
significance,  but  specifically- treat  of  one  aspect  of  ^Z- 1,  and  ex- 
pressly reject  a  part  of  algebra  as  not  interpretable  (^•''"S  for 
instance). 

'  I  believe  this  Paper  on  pure  time  puts  you  beyond  the  neces- 
sity of  looking  elsewhere  upon  the  whole  general  idea  of  algebra. 
The  allusion  to  triplets  in  the  last  sentence  shows  you  prepared,  in 
any  system  which  masters  a  +  Jy/- 1,  to  ask  after  ai  +  bf-^ck.  I 
should  think  that  some  of  the  fundamental  points  may  have  struck 
others— it  is  so  in  everything.  In  my  first  memoir  on  the  foim- 
dation  of  algebra  I  mention  those  who  think  of  AB  ^'  more  of  B 
attained  by  motion  from  A  than  of  the  quantity  of  length  in  ^J9." 
I  then  refer  your  Paper  on  pure  time  to  this  mode  of  thought, 

*  A  mistake.    It  was  read  June  22,  1835. 
VOL.  III.  X 
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from  which  I  suppose  I  could  then  have  pointed  out  similar  modes 
of  thought  in  others ;  but  I  do  not  remember  them  now ;  I  suspect 
the  pure  time  swallowed  them  up. 

^  This  notion  becomes  very  conspicuous  in  the  first  sheets  of  the 
book  now  in  hand,  in  the  definition  of  ^  -  J9,  as  distinguished  from 
OA  "  OB.  Quere,  might  not  (^  -  J?)0  be  written  for  the  second ; 
and  in  (A'B)0'^Ad-jBO—A  B  0  being  points,  and  JO^O 
lengths-^is  there  not  a  capacity  of  interpretation  P 

^The  special  subject-matter  of  quaternions  certainly  owes 
something  to  the  now  established  theory  of  ^/- 1,  of  which  I  take 
it  to  be  the  legitimate  extension.  It  does  not  follow  that  the 
theory  of  \/-l  suggested  it  to  you,  because  the  interpretations  in 
the  Paper  on  pure  time  may  have  done  it.  On  this  you  know 
best. 

*  One  very  leading  feature  of  the  quaternions,  and  one  which 
takes  the  discovery  out  of  the  class  of  extensions  commonly  so  called, 
is  the  non-permanence  of  all  the  rules  of  algebra — as  of  AB  =  BA. 
I  say  takes  the  discovery — not  the  thing  discovered — ^but  the  process 
of  discovering. 

^  For  one,  I  long  contemplated  something  like 


giving,  per  se, 


Ai+  Bj+ Ck^A'i-^B'j^  Ck 


A^A\  B^Fy  C^(J\ 


but  I  did  not  dream  of  ij  differing  bomji. 

^  I  must  now  stop ;  but  I  shall  go  on  by  next  post.     I  want  to 
look  at  some  old  letters  of  yours  before  I  say  anything  more.' 


IVom  the  Same  to  the  Same. 

*  7,  Gajibek-stkeet,  Gaxdeit  Towir, 
<  D^^mber  31,  1851. 

*  I  hope  you  received  my  letter.  I  had  intended  to  follow  it 
up  immediately,  but  the  affairs  of  a  relative  intervened  and  took 
me  off  all  work.  These,  however,  are  settled,  and  I  hope  to  sit 
down  to  write  further  to-morrow.' 
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From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obsebyatobt,  January  3,  1852. 

'  I  did  receive  your  letter,  and  thought  it  only  too  favourable  to 
myself.  As  to  \/^l,  it  had  haunted  me  long,  and  I  did  know  the 
outlines  of  double  algebra,  not  only  before  I  thought  of  the 
quaternions,  but  also  (I  think)  before  I  had  formed,  partly  with 
the  help  of  Eant,  any  very  definite  views  about  pure  time.  Still, 
you  conceive,  that  when  those  views,  rightly  or  wrongly,  were 
formed,  I  was  naturally  led  to  see  that  any  number  of  independent 
progressions  mi^ht  be  imagined,  as  easily  as  two^  and  thus  formed 
early  that  notion  of  "triplets  and  sets,  of  moments,  steps,  and 
numbers,"  which  you  refer  to,  as  mentioned  near  the  end  of  my 
time  Paper.  (I  quote  just  now  from  memory.)  At  least  as  long 
ago  aa  1834, 1  formed  plans  for  several  different  triplet  systems, 
and  even  contrived  several  geometrical  constructions,  but  weis  not 
satisfied  with  any  of  them.  If  you  have  preserved  a  letter  of  mine, 
which  I  wrote  on  receiving  your  first  Paper  on  the  foundation  of 
algebra — or  on  some  connected  occasion — ^it  is  my  impression,  but 
I  don't  venture  to  assert  it,  that  you  will  find  some  statement  to 
the  effect,  that  if  my  views  about  time  were  correct  (and  in  some 
degree  they  have  since  been  modified,  so  as  to  admit  more  of  the 
symbolic  element),  there  must  be  triplets,  and  even  "  polyplets."  Cer- 
tainly this  last  word  was  in  my  head^  but  I  can't  say  whether  I 
ventured  on  writing  it  to  you.  After  a  while,  I  may  recover 
among  my  manuscripts  memoranda  of  some  of  those  old  specula- 
tions of  mine  about  sets,  I  know  that  I  did  not  assumCy  in  them, 
the  commutative  principle  of  multiplication  as  necessary y  although  I 
aimed  at  it.  And  although  I  was  induced  to  print  (in  perhaps 
the  Supplement  to  the  December  number  of  the  Philosophical 
Magazine^  for  1844)  a  hasty  letter  of  mine  to  John  Graves,  written 
in  October,  1843,  just  after  the  ijk  were  found,  and  professing  to 
give  an  account  of  the  process  through  which  I  had  gone  on  the 
preceding  day,  yet  I  have  memoranda  which  show  that  I  had  been 
recently  reading  my  own  Paper  on  algebra,  and  seeking  to  illustrate 
its  first  principles  to  my  boys,  especially  as  related  to  equal  and  to 
successive  steps  in  time.  So  that  although,  at  the  last  moment,  it 
was  geometry  that  moulded  and  fixed  my  conception  of  the  ijky  I  had 
been  prepared  tor  accepting  it,  by  recent  as  well  as  by  other  speou- 
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lation,  of  a  more  abstract  Bort.  By  the  way,  you  have  perhaps 
never  heard  that  the  part  of  the  postscript  to  my  letter  of  October 
17, 1843,  which  was  afterwards  suppressed  in  the  printing,  was  a 
permission^  "  you  may  show,"  not  a  commission^  "  please  to  show," 
*'this  letter  to  De  Morgan."  You  are  most  welcome  to  regard 
this  fact,  which  I  can  prove  (although  I  do  not  blame  John  Graves 
for  using  his  discretion  as  he  did,  perhaps  fearing  to  pester  you  at 
the  time),  as  evidence,  or  indication,  that  your  writings  had  in- 
fluenced my  thoughts,  although,  at  this  moment,  I  do  not  call  to 
mind  any  one  distinct  suggestion  which  I  had  not  foreseen. 
Perhaps,  when  I  read  again  the  early  Papers  on  the  Foundation 
of  Algebra,  I  may  come  to  remember  something.' 

Fi^om  A.  De  Morgan  to  Sir  William  Hamilton. 

'  7,  Camdsn-btreet,  Camdrn  Towv, 
<  January  4,  1852. 

'  At  last  I  get  an  evening  to  resume  my  talk  upon  quaternions. 
I  had  got  so  far,  I  think,  as  to  tell  you  all  I  knew  of  the  possi- 
bility of  any  one  supposing  you  were  directly  indebted  to  the 
algebraists  up  to  1833.  Since  I  wrote  I  have  been  trying  to 
master  the  quaternions  as  you  now  present  them,  and  I  find  it  no 
child's  play.  I  do  not  think  I  can  venture  any  criticism  upon  the 
whole  matter :  one  or  two  points  on  which  I  thought  to  raise  some- 
thing have  broken  down  on  further  reading. 

'  With  regard  to  your  main  question,  however,  I  am  clear  that, 
so  far  as  you  have  gone  beyond  double  algebra,  whether  in  the 
way  of  extension  or  of  new  introduction,  you  need  not  fear  having 
anything  which  you  ought  to  acknowledge.  You  are,  I  have  no 
doubt,  under  general  obligations  to  some  of  those  who  thought 
about  first  principles  in  the  period  anterior  to  1844 ;  but  it  is  in 
that  general  way  in  which  you  are  indebted  to  all  the  authors  of 
your  early  reading.  The  exhaustion  of  the  difficulties  of  a  +  by/-^  I 
suggested  to  you,  in  the  Paper  of  pure  time,  the  idea  of  "triplets." 
All  that  is  peculiar  to  quaternions  is,  I  have  no  doubt,  beyond  the 
reach  of  anyone  except  yourself  to  claim.  It  is  not  yet  time  to 
decide  upon  the  relation  of  quaternions  to  triple  algebra :  from 
joux  earlier  publications  I  thought  the  connexion  more  visible 
than  I  am  now  clear  about. 
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*  As  to  doable  algebra,  there  is  a  double  algebra  in  the  Pure 
Time,  which,  as  far  as  ideas  and  leading  thoughts  go,  maj  verj 
likely  put  you  beyond  much  obligation  even  to  that. 

*  Were  I  you,  I  should  give  in  the  preface  the  best  account  I 
could  of  the  history  of  my  own  mind  on  the  subject ;  and  should 
invite  any  persons  who  could  furnish  you  with  coincidences  of 
thought  to  forward  their  references.  I  feel  satisfied  you  will  be 
let  quite  alone. 

*  This  is  a  short  summary  of  a  good  deal  of  inquiry ;  but  you 
know  that  the  plea  of  nil  debet^  when  the  only  one,  would  defy  the 
most  verbose  draughtsman  to  make  it  very  long. 

*  I  have  looked  at  the  Paper  of  Gauss,  which  Wheatstone  says 
the  Ghermcms,  with  one  voice,  cite  as  turning  their  attention  to  the 
subject.  Nothing  is  there  which  can  in  any  way  suggest  anything 
analogous  to  quaternions — or  even  to  double  algebra. 

*  I  am  acquainted  with  Ohm's  work  on  algebra,  translated  by 
Ellis ;  and  I  am  sure  you  are  safe  from  him.  A  man  who  founds 
algebra  on  the  seven  independent  operations  of  addition^  subtraction^ 
multiplication,  divimn,  involution,  evolution,  and  taking  of  loga- 
rithms, is  yet  far  from  the  root.  I  have  alluded  to  this  in  my 
Double  Algebra,  p.  166. 

*  You  referred  to  your  use  of  the  term  scalar.  I  hold  this  and 
others  to  be  moveable  terms ;  modulus  is  another ;  co^effident  ought 
to  be  one. 

*Now  as  to  what  is  of  more  consequence  than  the  priority 
question,  owing  to  the  manner  in  which  I  have  no  doubt  that 
question  will  drop  dead.  I  cannot  too  strongly  press  upon  you  to 
do  something  in  the  way  of  bare  enumeration  of  significations, 
for  the  use  of  those  who  have  been  thinking  over  the  general 
ground  of  symbols.  Your  multiplied  explanations,  essential  as 
they  may  be  to  learners,  will  drive  the  initiated  to  absolute 
despair. 

'A  dozen  pages  of  bare  definition,  with  the  curb  held  hard 
upon  the  illustrative  power,  be  the  difficulty  to  you  what  it  may, 
will  put  the  proficient  algebraist  in  a  disposition  to  read  your 
developed  instructions  with  the  sense  of  profit.  If  you  do  not  do 
this,  he  will  be  looking  among  the  things  he  is  up  to  at  a  glance 
for  the  points  which  he  is  to  stop  and  think  upon — ^the  most  un- 
satisfactory task  I  know.    But,  with  a  prefix  or  appendix  of  sum- 
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marj,  he  will  be  let  into  the  pith  of  the  matter  withoat  suspense 
or  the  chance  of  missing  essentials  in  turning  over  pages  of  com- 
paratively matter  of  course. 

*  I  was  frequently  at  a  loss  in  what  I  wanted  in  the  earlier 
pages  for  want  of  a  complete  exposition  of  a  +  it  +  ^'+cfA;,  which 
comes  late ;  and  even  now  I  am  in  want  of  a  tableau  of  the  whole 
system. 

*  Beferenoes  will  be  wanted  to  what  you  have  done  in  R.  I.  A., 
in  Philo8(^hical  MagazinCy  in  Cambridge  and  Dublin  Jourtml. 

*  I  have  not  fairly  finished  the  proofs  yet,  but  I  am  made  up 
upon  the  priority  point,  and  shall  not  touch  it  again  unless  you 
have  something  to  ask. 

'  I  remember  a  remark  of  yours,  that  the  want  of  impossible 
quantities  is  a  defect  in  double  algebra.  But  the  defect  is  the 
defect  of  symbols.  All  those  which  result  from  algebra  or  arithmetic 
are  fully  explained.  But  instead  of  weeping  for  more  worlds  to 
conquer,  we  make  them.  You  surely  do  not  intend  any  imaginary 
quaternions  to  remain  for  ever.  However  here  is  the  end  of  the 
sheet ;  so,  for  the  present,  I  await  some  more  print  from  you ;  and, 
wishing  you  a  happy  leap  year,  am,'  &c. 

lyom  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

'  Obsebvatobt,  January  5,  1852. 

*  The  note  on  the  other  half-sheet,  which  I  wish  you  to  return, 
will  show  that,  besides  Christmas  or  New  Year  Trees,  I,  like  your- 
self, have  had  some  other  business  than  the  quaternions  lately  on 
hnnd.  But  I  accomplished  my  purpose  of  signing  for  press  the 
30th  sheet  of  my  book  before  the  old  year  was  out. 

'  I  never  heard  of  the  book  you  cite,  but  shall  be  very  glad  to 
consult  it.  Please  forward  with  that  view  the  enclosed  line  to 
Barthes  and  Lowell. 

^  Yours,  in  some  haste. 

*  All  compliments  of  the  season.' 

From  the  Same  to  the  Same. 

<  Obsebvatosy,  Janttary  6,  1852. 

*  I  must  say  a  few  words  more  about  your  letter  of  December 
27th,  and  my  own  notices  of  it.    The  letter  arrived,  along  with 
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several  others  (from  other  correspondents  or  men  of  business),  just 
when  I  was  obliged,  or  at  least  wished  much,  to  wind  up  some 
pieces  of  business  before  the  end  of  1851 ;  one  of  them  being 
a  series  of  answers  to  the  Queen's  Commissioners,  with  respect  to 
my  Royal  Astronomership  of  Ireland,  including  a  brief  report  of 
the  general  nature  of  considerably  more  than  forty  thousand 
observations  made  here  since  my  appointment ;  another  business 
being  the  completion  of  the  30th  sheet  of  my  Lectures.  I  do  not 
know  whether  you  will  let  me  count  it  under  the  same  head  of 
business — at  least,  though  pleasure,  it  assisted  to  distract  me — that 
I  was  to  bring  my  three  children,  on  the  last  night  of  the  year,  to 
a  sort  of  Christmas  festivity  at  the  house  of  my  neighbour  and 
namesake,  James  Hans  Hamilton  (M.  P.  for  the  county),  where  I 
pulled  the  little  sweatmeat  from  a  tree  for  your  unknown  young 
friend,  and  presented  my  own  Uttle  daughter  to  Lady  Clarendon. 
*  I  must  say  that  I  enjoyed  the  evening  at  Abbotstown ;  although 
/  was  very  well  inclined  to  come  away  at  midnight,  till  over-per- 
suaded by  your  grave-looking  acquaintance,  my  eldest  boy,  William 
Edwin,  who  thought  we  might  afford  another  hour  or  two,  in  which 
opinion  I  could  see  that  my  little  Helen  joined,  and  even  an  inter- 
mediate brother,  Archibald  Henry.  But  what  is  all  this  rigmarole 
about  ?  Why,  simply  that  I  rather  skimmed  than  read  your  letter, 
at  the  time  of  my  receiving  it,  and  merely  remembered  its  candid, 
and,  indeed,  generous  tone  about  the  pure  time,  &c.,  when  I  wrote 
my  first  acknowledgment  of  it.  As  to  the  reference  to  Gauss,  I 
must  presume  that  in  my  haste  I  did  not  even  see  it  at  first.  Still 
T^y  eyo  niay  have  just  fallen  on  the  name^  and  then  passed  on, 
from  a  scarcely  expressed  feeling  at  the  moment,  that  I  was  quite 
safe  there.  In  fact,  with  all  my  very  high  admiration,  before  now 
publicly  expressed,  for  Gauss,  I  have  some  private  reasons  for 
believing,  I  might  say  knowing^  that  he  did  not  anticipate  the 
quaternions.  In  fact,  if  I  don't  forget  the  year,  I  met  a  particu- 
lar friend,  and  (as  I  was  told)  pupil  of  Gauss,  Baron  von  Walter- 
hausen  (about  whom  I  have  a  pleasant  and  not  ill-natured  anecdote 
to  tell  you),  at  the  second  Cambridge  Meeting  of  the  British 
Association  in  1845,  just  after  Herschel  had  spoken  of  my  qua- 
ternions and  your  triple  algebra,  in  his  speech  from  the  throne. 
The  said  Baron  soon  afterwards  called  on  me  here,  and  I  gave  him 
fiome  printed  papers,  about  which  he  said  (or  rather  wrote)  to  me  that 
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he  intended  to  study  them  when  he  should  have  a  little  ^'  peaoe.'^ 
Well,  he  informed  me  that  his  friend  and  (in  one  sense)  master. 
Gauss,  had  long  wished  to  frame  a  sort  of  triple  algebra ;  but  that 
his  notion  had  been,  that  the  third  dimension  of  spaoe  was  to  be 
symbolically  denoted  by  some  new  transcendental^  as  imaginary^ 
with  respect  to  </-lf  as  that  was  with  respect  to  1.  Now  you 
see,  as  I  saw  then,  that  this  was  m  fundamental  contradiction  to  my 
plan  of  treating  all  dimensions  of  space  with  absolute  impartiality 
[Tros  Tyriusque],  no  one  more  real  than  another.  Consequently  I 
have  ever  since  held  it  as  a  certain  and  established  matter  offacty 
that  the  great  Gtiuss  and  myself  have  been  on  totally  different 
tackSy  as  regards  this  sort  of  geometry.  And  I  have  very  little 
studied  the  theory  of  numbers — ^so  little,  that  although  I  remarked 
to  Herschel  at  Collingwood,  in  1846,  that  Gauss,  in  his  early  work, 
brings  in  y^- 1, 1  have  not  even  a  copy  of  that  former  work,  and 
had  never  so  much  as  heard  of  the  later  one,  till,'  on  a  reperusal 
of  your  letter,  I  saw  Wheatstone's  reference  to  it.  I  am  very 
curious  to  know  what  those  biquadratic  residues  are  ;  but  feel  very 
sure  that  they  are  not  the  quaternions.' 

From  the  Same  to  the  Same. 

<  Obseevatort,  DuBLiKy  January  7,  1852. 

'  Many  thanks  for  your  important  letter,  received  this  morning. 
It  shall  be  attended  to;  but  I  was  up  all  last  night  for  the 
eclipse.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Camden-strbet,  Camden  Town, 
*  January  7,  1852. 

*  Tour  two  received.  As  to  the  sugar-plum,  small  chance  of 
its  ever  finding  its  way  into  a  child's  mouth,  for  my  people  voted 
it  should  be  kept  to  prove  to  what  great  mathematicians  could 
descend ;  it  being  their  fixed  idea — in  spite  of  my  having  played 
at  blindman's  buff  within  these  ten  days — that  such  cattle  are 
always  thinking  of  their  altitudes,  and  obscurities,  and  prolix- 
ities. 

^  As  to  the  books,  I  do  not  mean  to  execute  your  commission 
imtil  I  have  tried  another  plan.    It  is  all  very  fine  to  send  a 
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foreign  bookseller  to  get  the  books  dead  or  alive — ^that  is  seoond- 
haiid  or  firsthand — and  to  give  him  a  hint  that  you  think  it 
possible  they  may  cost  £10,  a  hint  which  his  conscience  may  be 
easy  in  halving,  when  an  untempted  bookseller  could  not  do  more 
thim  quarter  it ;  but  it  is  very  dear  you  do  not  contemplate  form- 
ing a  large  library. 

*'  I  am  going  down  to  Maynard's  to-day,  the  Uttle  secondhand 
mathematical  bookseller,  in  Earl's  Court,  Leicester-square,  who 
may  have  both  books — if  so,  good.  If  not,  my  friend  Galloway's 
sale  comes  on  in  February  (of  which  you  shall  have  a  catalogue — 
and  it  is  well  worth  looking  at),  where  there  is  the  French  trans- 
lation of  Gtiuss's  Dtsquisitiones  Arithemeticaej  and  a  volume  con- 
taining ten  of  his  tracts,  which  very  likely  has  the  one  you  want. 

*'  You  know  of  course  that  J.  Graves  has  become  a  great  book 
collector. 

*  You  will  have  more  of  me  in  a  day  or  two. 

*  January  8. — I  went  to  Maynard's — no  success.  I  have  written 
to  Sotheby  to  send  you  a  catalogue  of  Galloway's  sale.  I  think 
you  had  better  wait  for  it,  for  it  is  a  mere  chance  that  Lowell  & 
Go.  can  furnish  Gauss's  Dkqumtionea  Arithmeticaey  which  is  quite 
out  of  print  and  scarce ;  probably  you  will  get  it  for  about  a  pound 
at  the  sale. 

^  Your  Christmas  party  may  count  as  business — amusement  is 
very  hard  work,  when  it  has  to  be  done  in  a  set  time  and  manner. 
Your  statement  of  the  fact  that  your  children  made  you  stay 
longer  than  you  intended  is  one  I  could  confirm  by  the  like. 
Shall  we  publish  the  joint  discovery  that  there  is  no  getting  young 
people  away  from  Christmas  parties  ?  Though  you  communicated 
it  first,  I  can  prove  that  I  knew  it.  But  I  could  publish  a  more 
wonderful  thing  which  you  could  not  have  guessed.  At  a  little 
party  at  my  house,  on  Christmas  Eve,  was  a  pretty  young  French 
girl  of  eighteen,  the  daughter  of  people  of  condition — brought  up  in 
France  (Paris) — not  devotees,  nor  the  least  inclined  that  way — of 
wealthy  connexions  and  wealthy  herself — well  educated — who  never 
had  seen  two  or  more  people  dance  together^  anywhere — until  she  saw 
the  young  people  dance  on  the  evening  in  question  at  my  house. 

*  Your  sheet  of  abstract  arrived  with  the  letter.  I  see  you  find 
that  Walker  thinks. 

*  I  will  send  you  a  short  account  of  Gauss  in  a  few  days.  I 
mean  of  the  quadratic  residues.' 
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li'otn  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

'  Observatory,  January  8,  1852. 

*  Tour  letter  of  the  4th,  which  only  reached  me  yesterday,  was 
very  satisfactory  on  the  point  of  priority.  I  could  only  acknow- 
ledge its  arrival,  and  even  now  can  scarcely  do  more  than  thank 
you  for  the  advice  which  it  contains,  and  of  which  I  shall  not  lose 
sight.  It  is  clear  that  I  must  write  some  condensed  summary  of 
the  contents  of  so  diffuse  a  volume,  or  it  will  be  thrown  aside 
unread  by  the  busy  and  advanced,  even  if  it  should  not  deter  mere 
learners,  although  the  liberality  of  the  heads  of  this  university  will 
enable  me  to  offer  the  book  at  a  moderate  price,  not  yet  fixed,  but 
to  be  low.  You  cannot  think  it  flattery,  if  I  say  that  its  style  was 
not  designed  for  readers  of  f/our  calibre,  although  I  shall  be  very 
glad  if  you  can  find  time  and  patience  to  read  it  notwithstanding. 
In  fact  you  may  observe  that  although  alluding  often  to  double 
algebra,  I  do  not  assume  any  knowledge  of  it,  and  indeed  assume 
usually  very  little  knowledge  of  mathematics,  at  least  in  the  earlier 
and  larger  part  of  the  volume,  so  far  as  hitherto  printed,  although 
I  am  getting  just  now  a  little  deeper  into  ellipsoids,  and  shall  give 
a  touch  of  differentials,  integrals,  variations,  &c.,  in  the  eighth  and 
closing  lecture,  which  I  have  nearly  reached.  The  first  was  put  in 
type  so  long  ago  as  1848,  and  a  great  part  of  it  was  designed  to 
be,  nearly  word  for  word,  what  had  been  actually  delivered  in  my 
lecture  room  in  the  June  of  that  year,  Mr.  Salmon  of  Dublin,  and 
Mr.  Cay  ley  of  Cambridge,  doing  me  that  day  the  honour  of  attend- 
ing. Distractions  occurred ;  and,  when  I  resumed  the  task  of  composi- 
tion, it  seemed  convenient  to  continue  something  of  the  lecture  stylCy 
although  not  binding  myself  to  a  mere  report  of  spoken  matter. 
I  trust  that  ordinary  readers  will  not  lose  by  this,  though  I  can 
well  conceive  your  finding  mu^ih  of  the  book  tedious.  It  may  be 
fair  to  myself  to  mention,  that  while  no  one  but  myself  is  answer- 
able for  any  detail,  both  Graves  at  starting,  and  Herschel  then 
and  since,  urged  me  not  to  spare  explanation,  and  not  to  fear 
diffuseness.  Still  I  own  that  I  have  been  too  diffuse,  but  it  may 
not  be  yet  too  late,  especially  as  money  is  not  here  a  difficulty,  to 
attach  not  merely  a  copious  table  of  contents,  in  which  I  have 
already  made  some  progress,  but  also  a  concise  and  readable  pref  aoe^ 
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or  (bo  to  speak)  preliminary  essay,  into  which  something  of  history 
may  without  impropriety  enter. 

'  Ajb  to  youy  perhaps  yon  may  find  it  enough  to  read  the  seventh 
and  eighth  lectures  (if  time  and  patience  allow) ,  merely  turning 
back  occasionally  to  some  former  articles  as  referred  to.  I  hope 
shortly  to  write  again. 

*  Can  you  assist  me  to  procure  Mourey,  Paris,  1828  P 

From  the  Same  to  the  Same. 

*'  Obsebyatobt,  January  10,  1852. 

*  I  did  not  intend  to  write  to  you  so  very  soon  again,  for  I 
don't  usually  overwhelm  my  correspondents  at  such  a  rate  as  I  have 
lately  been  doing  in  your  case ;  but  just  as  a  messenger  was  ordered 
round,  to  take  to  the  Chief  Secretary's  Lodge,  in  the  Phoemx  Park, 
a  note  from  Lady  Hamilton,  declining  in  her  name  and  my  own  an 
invitation  to  a  ball  next  week — one  can't  always  keep  up  that  sort 
of  ball — arrived  your  pleasant  letter,  with  the  account  of  the  young 
French  girl,  who  had  never  even  seen  people  dance ;  which,  by  the 
way,  is  all  that  I  have  done  since  I  was  very  young  indeed.  Still,  I 
do  like  to  see  a  dance  now  and  then,  especially  when  children  enter ; 
and  you  must  blame  yourself  if  your  last  letter  shall  provoke  me 
to  send  you  soon  a  copy  of  an  old  sonnet,  suggested  by  the  sight 
of  a  boy  asleep  after  a  viceregal  ball,  chiefly  for  children,  in  Lord 
Anglesey's  time,  at  least  twenty  years  ago,  and  recalled  to  my 
recollection  by  the  little  festivity  at  Abbotstown,  in  this  neighbour- 
hood, lately.  Meanwhile  I  remain,  with  all  compliments  of  the 
season,  very  sincerely  yours,'  &c. 

*  About  the  books ;  the  theory  of  numbers  is  not  much  in  my 
way,  as  yet  at  least ;  and  I  shall  be  quite  content  for  the  moment 
to  get  even  such  a  general  notion  of  Gauss's  quadratic  residues — 
or  biquadratic,  if  they  be  so — as  your  leisure  may  allow  you  to 
give.  So  I  quite  approve  of  your  not  sending  my  note  to  Barthes 
and  Lowell,  but  shall  probably  buy  a  few  of  Gcdloway's  books. 

*  Did  you  look  at  my  solution  by  quaternions  of  the  well-known 
topical  problem,  first  solved  by  Apollonius,  as  I  find  that  Eutocius 
records,  and  used  by  Wm.  Thomson  for  electricity  P  (See  Lecture 
vii.,  article  459.)  It  seems  well  fitted  to  exemplify  some  processes 
of  calculation. 
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*  I  oonfess  myself  curious  to  know  to  what  extent  you  have 
examined  into  the  working  of  quaternions  as  a  calculus,  as  distin- 
guished from  their  principles  as  a  speculation,* 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

*  ly  CAliSEN-STEEET,  CAMDSir  TOWK, 

<  January  10,  1852. 

*  I  can  lend  you  Mourey ;  as  you  ought  to  see,  with  this  letter. 
You  will  take  care  of  it  I  know ;  and  you  may  return  it  at  leisure. 

<  Mourey  would  have  been  yery  remarkable  if  Warren  had  not 
appeared  in  the  same  year. 

'  I  do  not  think  you  too  diffuse ;  on  the  contrary,  you  are  quite 
right  to  explain  at  great  length ;  but  I  want  a  synopsis  for  those 
who  are  already  in  the  subject. 

*By  and  bye,  when  the  French — ^tardily — begin  to  cultivate 
algebra  as  a  science,  they  will  declare  that  Mourey  did  it  all.  So 
I  would  not  on  any  account  lose  Mourey.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

*'  Obseryatobt,  January  13,  1852. 
^  Thanks  for  your  promise  to  lend  me  Mourey,  of  which  I  shall 
take  every  care  when  it  arrives ;  and  the  post  to  this  place  appears 
to  be  safe,  though  slow.  I  heard  of  it  a  good  while  ago,  and  shall 
be  very  glad  to  see  it,  though  I  fancy  the  book  to  be  little  else 
than  double  algebra.  If  the  French  want  an  anticipation,  though 
not  a  very  complimentary  one !  of  the  quaternions  [see  the  word 
^'  absurdes"],  I  can  point  out  what  might  with  some  plausibility 
be  claimed  by  them  as  such,  and  what  I  think  will  startle  you,  as 
it  did  me,  when  I  met  it  (a  few  years  ago,  but  long  after  my  own 
views  and  notations  were  formed  and  published),  on  the  occasion 
of  my  seeking  to  verify  some  of  Peacock's  references  to  iAiQ  Annates 
de  MatMmatiqiieSy  which  I  consulted  in  the  Library  of  T.  0.  D. 

*  Did  not  Servois  show,  as  usual,  great  sagacity  P  At  the  time 
I  refer  to,  I  spent  several  hours,  on  a  few  successive  days  (at  some 
inconvenience  to  myself,  not  worth  explaining],  in  examining 
what  was  done  by  Argand  and  Fran9ais,  near  the  Ibeginning 
of  the  century.  Argand  (if  I  remember)  was  admitted  to  have 
priority  of  Franfais,  and  it  was  claimed  that  he  had  published  as 


Professor  Augustus  De  Morgan.  317 

^arly  as,  or  at  least  independently  of  Bu^e,  whom  I  never  oould 
comprehend,  though  he  has  some  happy  hits,  snoh  as  '^  adjective." 
Oanchy  adopted  this  from  Bu^e,  and  seems  to  have  been  long 
familiar  (from  others)  with  the  notion  of  Doable  Algebra. 

"  Copy  of  my  rode  Memoranda. 
"  Servois. 
**  [Page  235, 4th  tome  P  I  forget,  and  cannot  at  present  verify.] 

**  Lafebe,  November  23,  1813. 
*' .  .  .  trinomial  form  .  .  . 

(p  cos  a  +  g  cos/3  +  r  COS7) 
X  (ycosa  +  /cos/3  +  /cos7) 
=  cos'a  +  cos*/3  +  cos'y  =  1. 

Les  valenrs  depqrp'^r'  qui  satisferaient  i  cette  condition  sendent 
absurdes :  mais  seraient  elles  imaginaires  ?  [c.  a.  d.  reducibles]  & 
la  forme  generale,  A-^B  v^- 1 P  Voil4  une  question  d'analyse  fort 
singuliSre,  que  je  soumets  i  vos  lumieres." 

^  Nothing  seems  to  have  come  out  of  this  hint .  .  .  My  impres- 
sion is  that  Servois  was  dissatisfied  with  the  double  algebra  of 
Argand  and  Fran9ais,  and  threw  out  (with,  I  must  say,  great 
sagacity)  the  foregoing  suggestion,  to  show  what  other  sort  of 
analysis  would  be  required  for  geometry  of  three  dimensions. 
You  see  that  /  solve  his  problem  by 

'  Obsebtatobt,  Jannary  14,  1852. 

'  P.  S.  —The  Mourey  has  arrived,  and  shall  be  taken  every  care 
of.  In  a  sense^  I  have  already  read  it  through,  but  must  re- 
consider the  proof  of  the  existence  of  a  root.  I  see  that  either  you 
or  I — but  I  hope  it  will  be  you — must  write,  some  time  or  other,  a 
history  of  y^-l.' 


n 


318   Correspondence  between  Sir  W.  Rowan  Hamilton  and 


From  A.  De  Morgan  to  Sie  W.  R.  Hamilton. 

*  7,  Camdek-stkeet,  Caxben  Towk, 
^  January  \6,  1852. 

'  I  have  several  points  to  write  about ;  but  am  pressed  just 

now. 

^  I  do  not  hold 

(|?oo8a  +  yoosj3  +  roosy) 

X  (p'oos  a  +  ^'oos  /3  +  r  cos  7) 

=  cos  'a  +  cos  "/B  +  00s  '7 

to  be  utterly  out  of  algebra.     If  you  attach  a  condition — namely, 
that  p'y  &c.,  shall  be  finite — ^it  is  so  ;  but  so  is 

and  x^2x. 

I  suspect  something  of  this  kind : 

pcosa+j)  •%/-!  cos j3  +  r cosy, 

-cosa--A/-l  cos  13  + -cos 7, 
p  p  ^     r       ' 

where  p  and  r  are  zeros — related  zeros., 

*  The  whole  of  this  subject  wants  considering.  To  wit,  the 
case  of 

where  A  is  not »  (7,  because  the  conditions  of  the  problem  impose  the 
form  I  upon  B. 

*  Mourey  is  nothing  else  but  a  part  of  double  algebra.' 

F^om  tlie  Same  to  the  Same. 

'  7,  Camdbn-st&eet,  Cahden  Town, 
^January  18,  1852. 

*  All  yours  received ;  and  I  shall  answer  piecemeal. 

'  The  sonnets  are  very  pretty.  I  will  back  a  baby  against  a 
quaternion  as  a  sonnet  subject.  Now  for  my  mechanical,  rule  and 
compass,  criticism — take  the  following : — 
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*  On  the  son  of  an  old  friend — "tn  a  light  of  love" — ^not  ^^with^*; 
*^  passed,"  aoeent  not  pleasant ;  many  a  year  gone  by  P  Last  four 
lines — idea  not  flashing  enough — ^^from  earliest  friends :  "  meaning 
not  very  clear  without  looking  at  the  heading ;  whereas  the  sonnet 
should  not  require  a  heading,  "y^^" — this  rather  suggests  "-A  now, 
+  -4  to  come  "  than  "  0  now,  and  +  -4  to  come."  "  To  thee  one  day," 
or  the  like,  or  "some  day."* 

*  On  a  child  asleep,  Ac. — ^Line  1,  then — ^a  little  too  conversational. 
If  the  first  line  could  be  recast,  thee  might  be  ousted — it  comes 
again  too  soon ;  delegated — a  trifle  too  political,  if  a  substitute  for 
the  idea  could  be  found :  "Hero-viceroy's  "  might  come  m, perhaps 
(only  perhaps).  All  the  rest  perfect,  with  one  change  ;  transpose 
the  last  two  lines ;  the  last  but  one  is  now  a  parenthesis  ;  the  story 
not  sufficiently  well-known  to  give  it  the  reader  at  "descending."! 

<  Speaking  of  what  is  in  common  algebra  yet  to  be  investigated 

as  to  the  functions  of  ^,  &c.,  I  could  not  remember  when  I  wrote 

before  an  instance  which  had  struck  me ;  but  I  have  it  now. 

*  If  there  be  a  problem  essentially  of  the  first  degree  it  is  this  ; 
To  draw  a  straight  line  through  the  two  intersections  of  two  pairs, 

1.  ax+bg  +  c^O. 

2.  c^z-^-b'g  +  c'^O. 

3.  px-\-qg  +  r^O. 

4.  p'x  +  j^'y  +  /  =  0. 

To  do  this  we  must  make 

ax  +  bg-hc  +  m[(/x+b'g  +  c^  =  0 
identical  with 

px-¥qg  +  r-\-n  {p'x  +  q'g  +  /)  =  0, 
or 

a  +  nu^     b  +  mb'  __c  +  mc' 

p-^np'      q-^  nq       r  +  n/' 

and  the  reduced  equations  are  of  the  second  degree. 

'  But,  choosing  which  we  please  for  a  term  of  comparison,  say, 

b  -^mV 

*  [Compare  vol.  ii.  p.  636],  t  [Compare  vol.  i.  p.  611]. 
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we  have  for  solutions — 

1.  The  effective  solution,  giving  (5). 

9  ^n       *     «       ^ 

6  q 

giving 

a+md     0     c+mc' 

p-\-np'      0     r  +  nr" 
but  not 

a  +  mtf^     c  +  m<f 

p  +  np'      r  +  «/* 

*  Take  another  term  of  comparison,  and  we  get  the  same  shift 
in  another  form. 

*  Your  MS.  index  is  nearly  what  I  want — as  to  what  it  goes 
to,  quite,  perhaps ;  but  the  quaternions  would  require  more  length 
— ^rather  perhaps  would  get  it  without  warning. 

'  It  will  certainly  enable  anyone  to  make  a  first  approximation 
to  what  he  might  pass  over  as  understood,  so  as  to  go  m  medius 
res  at  once. 

*  As  to  a  history  of  \/^l>  it  would  be  no  small  job,  to  do  it 
well  from  the  Hindoos  downwards. 

*  I  must  stop  now ;  but  I  have  a  matter  for  a  whole  sheet — 
which  I  cannot  do  now.' 

li'om  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*  Obssrvatort,  January  21,  1852. 

'  I  have  just  copied,  from  memory,  two  sonnets  to  Sir  J.  F.  W. 
Herschel,  written  on  the  occasion  of  his  return  from  the  Gape, 
when  a  dinner  was  given  to  him  at  the  Freemason's  Hall,  in 
London,  which  I,  who  visit  the  metropolis  very  rarely,  went 
thither  on  purpose  to  attend.  Herschel  appeared  to  me  to  per- 
sonify the  combination  of  science  and  imagination,  and  you  will 
see  that  my  lines  are  an  attempt  to  express  that  thought  in  verse. 

'  If,  among  your  many  and  deep  researches,  you  have  made 
psychology,  as  a  sort  of  branch  of  natural  history,  one  of  them, 
you  may  feel  some  little  interest  in  the  following  problem,  which 
has  often  puzzled  myself. 

*  Among  the  persons  who  know  anything  about  my  existenoe 
and  my  writings,  I  suppose  that  the  majority  would  admit  me  to 
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be  a  mathematioian ;  while  all,  or  nearly  all,  would  say  that  I 
oould  only  be  regarded  as  a  poet  by  courtesy. 

*  Does  it  not  seem  then  to  contradict  one  of  the  very  tritest 
sayings  about  human  nature,  that  I  care  little,  or  not  at  aU,  about 
criticisms  upon  my  poetry,  such  as  it  is,  while  I  own  myself  to  be 
actually  sensitive  on  the  score  of  my  mathematics  P 

'  Wordsworth  did  me  the  honour  to  cut  up,  in  a  more  slashing 
style  than  yours,  some  of  my  early  poems.  I  think  that  I  was 
less  flattered  than  indifferent— although  I  did  most  highly  prize 
the  advantage  of  an  intimacy  with  him. 

*  Slash  away  at  my  sonnets ;  but  spare  me,  if  you  honestly  can, 
a  little  praise  for  the  quaternions;  or,  what  will  be  far  better, 
allow  me  the  honour  of  assisting  you  to  use  them  as  a  calculus ;  for 
such  they  certainly  are.* 

From  A.  De  Morgan  to  Sir  "W.  R.  Hamilton. 

*  7,  Camden-sthebt,  Camden  Towk, 
<  January  22,  1852. 

'  All  yours  received,  giving  proof  up  to  p.  496  ;  and  also  the 
MSS.  on  geodetic  lines,  which  I  must  wait  a  few  days  before  I 
thoroughly  read,  seeing  that  I  have  the  Astronomical  Society 
annual  report  to  get  up.  By  the  way,  we  never  hear  a  word 
about  Dublin  Observatoiy.  I  have  always  supposed  that  the 
Astronomer  Boyal  for  Ireland  was  engaged  about  things  of  more 
moment,  which  he  could  do,  while  any  decent  honest  man  could 
observe.  But  you  speak  of  masses  of  observations  :  could  you  not 
give  us  a  few  descriptive  words  for  me  to  put  into  the  report  above 
mentioned.  Tou  are  one  of  our  Fellows,  I  see  by  the  list.  If  you 
affirm,  send  to  me  before  the  end  of  the  month. 

*  N.  B. — ^The  words  are  the  Council's,  though  you  may  furnish 
them. 

*I  write  now,  however,  to  get  a  subject  finished  on  which 
I  have  been  thinking  for  some  weeks — quoad  quaternions  and 
priority.    I  feel  as  if  a  dissertation  were  proceeding  from  me. 

^  The  mathematicians  at  home  and  abroad  are  getting  into 
a  somewhat  fidgetty  and  excitable  state  about  priority.  For  a 
great  many  years  I  have  noticed  a  somewhat  augmenting 
tendency  to  guard  themselves  against  others,  or  others  against 

VOL.  III.  Y 
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themfielves ;  a  frequency  of  reclamatum^  as  the  Frenoh  call  it,  or  a 
studied  tone  of  renunciation,  when  the  rights  of  another  were  to 
be  saved.  Some  of  the  fraternity,  but  not  the  most  prominent, 
carry  this  a  great  way;  their  ivpi\Ka  always  has  lyio  expressed 
before  it,  instead  of  understood ;  and,  if  it  were  not  for  the  Greek, 
I  should  say  they  put  the  word  in  italics. 

*  Now,  according  to  my  notion,  a  person  should  just  do  his  best 
to  tell  the  truth  about  hbnself  and  others,  and  leave  the  rest  to 
providence.  There  is  no  more  use  in  trying  to  guard  against 
accidents  or  disputes  than  in  trying  to  word  a  letter.  Try  ever  so 
much,  and  the  phrase  which  produces  more  correspondence  will  be 
sure  to  be  one  of  those  which  you  never  thought  about. 

'  This  is  the  course  I  recommend  to  you,  who  want  some  advice 
very  much  just  now.  I  was  rather  surprised,  all  through  your 
letters,  at  the  unquiet  tone  which  you  held  about  the  rights  of 
others,  and  the  unsettled  feeling  about  yoiir  own.  But  as  this 
was  probably  matter  of  temperament,  I  merely  thought  about  the 
question,  as  concerned  yourself  and  others,  and  never  about  your 
feeling  on  the  subject,  except  as  a  thing  which  was  to  be  all  set 
right  by  sufficient  assurance  on  the  immediate  cause  of  it. 

^  But  in  your  letter  of  the  6th,  when  I  read  it  over  again,  I 
was  startled  by  your  reference  to  my  '^  candid  and  indeed  generous 
tone."  Candid  and  generous  I  thinks  I — I  hope  not.  I  was  writ- 
ing quite  judicially ;  and  if  I  were  either  the  one  or  the  other,  it 
must  have  been  at  somebody's  expense.  But  then  it  occurred  to 
me  that  it  might  be  with  reference  to  myself  you  were  speaking, 
and  this  seemed  so  strange  that  I  set  myself  to  look  back  through 
all  your  letters,  to  see  if  I  could  confirm  this.  And  sure  enough, 
on  January  3,  I  found  you  telling  me  that  in  a  postscript  sup- 
pressed in  printing,  you tellJ.  Qraves,  not  eommissivelj/y  '*  please  to 
show,"  but  permissivelf/f  "  you  may  show,"  this  letter  to  Professor 
De  Morgan.  And  further,  that  though  you  do  not  blame  Ghraves 
for  his  use  of  his  discretion,  yet,  that  I  am  welcome  to  regard  this 
fact — ^which  you  can  prove — as  evidence  that  my  writings  had 
influenced  your  thoughts.  All  this  rather  puzzled  me — I  had 
never  heard  of  any  postscript ;  and,  if  I  had,  should  never  have 
regarded  your  willingness  that  I  should  see  a  certain  letter  as 
proving  that  anything  I  had  written  had  either  been  seen  or  not 
—been  used  or  not — by  you. 
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'  Again,  as  far  back  as  when  jou  sent  me  the  proof  of  the  last 
page  of  yonr  B.  I.  A.  memoir  on  quateimons,  I  find  that  you 
rather  deprecate  the  possibility  of  being  supposed  to  have  done 
me  some  wrong — ^you  hope  I  shall  be  satisfied  with  what  is  then 
said  of  my  triple  algebra  memoir. 

^  From  these  things — and  other  little  ones  of  the  like  kind — ^I 
began  to  see  that — whether  you  know  it  or  not — I  am  one  of  the 
persons  about  whom  you  are  anxious  as  to  what  they  may  say  of 
your  aoknowledgmentSy  or  failure  of  acknowledgments.  And  per- 
haps you  rather  wished  to  pick  out  of  me  what  I  thought  of  myself. 
So  that,  whereas  the  Scotch  Sir  W.  Hamilton  corresponded  with  me 
(perhaps)  to  make  it  certain  that  he  might  catch  me,  if  I  deserved 
it,  in  pillaging  him,  the  Irishman  of  the  same  name  is  trying  to 
lay  a  trap  for  himself.  And  further,  whereas  the  Scotchman, 
being  seised  by  a  fit  of  illness,  did  actually  work  himself  up  on 
his  sick-bed  to  believe  I  had  pillaged  him,  and  employed  his 
returning  health  in  raising  hue  and  cry;  so  it  is  much  to  be 
feared  that  the  Irishman,  if  he  should  have  an  attack  of  fever, 
would  persuade  himself  that  he  has  been  purloining  from  me,  and 
would  only  get  out  of  bed  to  deliver  himself  up  to  justice,  on 
which  I  should  say  that,  though  the  Irishman  has  a  better  moral 
and  social  position  than  the  Scotchman,  yet,  as  far  as  delusion 

would  go,  6  =  -^. 

*  Now  to  the  point.  There  are  two  kinds  of  obligation  which 
one  writer  may  have  to  another — general  and  special.  The  former 
is  their  joint  work.  A  comes  to  the  writings  of  B  in  a  state  of 
preparation  which  niakes  the  writings  of  the  latter  suggestive,  and 
which,  in  fact,  lays  the  match  to  a  train  already  prepared.  The 
ideas  which  may  start  up  in  the  mind  of  A  may  be  such  as  none 
but  B  could  excite,  and  yet  such  as  B  could  excite  in  no  mind  but 
that  of  A.  In  this  case  no  acknowledgment  is  or  can  be  due, 
l)eyond,  at  the  most,  an  inclusion  of  B,  on  the  part  of  A,  among 
the  writers  by  whom  he  has  been  benefited,  if  he  make  general 
acknowledgments. 

^  Special  obligation  is  incurred  when  A  takes  from  B,  speoifi- 
oally,  that  which  another  could  take — ^the  ipsum  corpm  of  his 
thought,  process,  or  work.  Of  course  it  is  indispensable  to  acknow- 
ledge it. 

T2 
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*  One  reason  whj  general  obligation  need  not  be  neoessarilj 
acknowledged  is,  that  it  need  not  be  neoessarily  known.  Nor  can 
any  person  be  sure  he  does  know  all  his  obligations. 

'  The  chances  are  strong  that  a  person  who  feels  general  obli- 
gation, and  knows  exactly  to  what,  has  a  special  obligation.  The 
chances  are  as  strong  that  if  he  is  wholly  ignorant  of  special 
obligation,  he  is  as  ignorant  of  the  precise  character  of  his  general 
obligation.    But  the  most  probable  thing  may  not  be  true. 

<  Among  the  morbid  feelings  on  the  subject  yeiy  often  may  be 
seen  the  tendency  to  imagine  that  others  have  general  obligations. 
A  thinks  that,  though  he  cannot  exactly  lay  his  finger  on  B,  yet 
B  has  been  at  him. 

^  And  sometimes  there  is  an  anxiety  about  general  obligation — 
a  fear  of  having  incurred  it — and  no  very  dear  view  as  to  the 
difference  between  it  and  that  of  the  special  character.  And 
among  the  ascertained  facts  relative  to  this  phase  of  the  complaint, 
I  believe  it  must  be  set  down  that  being  Astronomer  Boyal  for 
Ireland  is  not  an  infallible  preservative. 

*  With  regard  to  myself,  you  owe  me  nothing  special — that  I 
will  be  certain  of.  If,  to  use  your  own  phrase,  anything  I  have 
written  has  influenced  your  thoughU^  there  can  be  no  ground  for 
supposing  that  you  can  do  me  any  wrong  by  appropriating  the 
results,  you  not  knowing  of  any  specific  influence.  As  to  general 
influence,  it  must  have  been  exerted  by  hundreds  upon  any  one 
man. 

*  Had  the  double  algebra  never  come  into  the  world,  neither 
would  quaternions  ;  but  in  what  proportions  the  share  of  symbolic 
algebra  has  been  contributed  by  Peacock,  Warren,  Servois,  your 
own  self  (in  the  Pure  Time),  my  own  self,  if  you  like,  &o.  &c.,  or 
any  others,  I  do  not  believe  you  can  tell,  or  anyone  for  you.  A 
hundred  years  hence,  some  one  looking  down  upon  us  all  may  see 
more  of  that  matter  than  we  do. 

*  In  the  meanwhile,  everyone  owes  it  to  history  not  to  push 
formal  acknowledgment  beyond  its  due  limits,  for  the  sake  of 
being  safe  in  courtesy  or  safe  in  honour.  It  is,  as  far  as  it  goes, 
an  untruth  told  in  the  history  of  the  mind,  to  say  that  a  debt  has 
been  incurred  which  has  not.  And  those  who  attend  to  history 
know  that  mischief  may  thereby  be  done.  The  kind  of  expecta* 
tion  which  I  observe  to  exist,  of  being  mentioned^  makes  it  difficult 
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for  inyeBtigators  to  be  quite  aoourate.  How  many  timee  I  have 
fieen  a  penon  take  up  a  new  memoir^  run  it  over,  put  it  down,  and 
eaj,  without  a  blush,  '^I  just  wanted  to  see  if  he  mentioned  my 


9> 


^  See  whether  out  of  all  this  you  cannot  get  rid  of  all  anxiety 
on  the  matter.  If  you  can,  you  will  just  say  what  you  know,  and 
be  content  with  that.  If  there  should  be  any  in  the  world  who 
will  look  for  more  than  they  get,  depend  upon  it  they  are  not  so 
^od  judges  as  yourself ;  and,  as  to  general  obligation,  we  must 
wait  a  century  to  find  a  better. 

^  In  a  few  days  I  hope  to  read  again  about  the  quaternions. 

'  My  wife  admires  your  sonnets  very  much,  both  as  to  form 
and  matter, «.  e.  babies.  If  you  can  make  any  more,  particularly 
on  the  same  subject,  pray  send  me  one  for  her  album. 

^  I  have  not  forgot  the  promise  about  Gauss.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

'  Obssbtatobt,  January  26,  1852. 

*  Your  long  and  interesting  letter  of  last  week  reached  me  by  a 
sort  of  private  hand  this  morning.  At  this  moment,  having  barely 
had  time  to  read  the  letter,  I  can  only  say  that  it  deserves  to  be 
considered,  replied  to,  and  acted  on.  Thank  Heaven,  I  consider 
mj  present  Course  of  Lectures  as  finished,  and  time  was  it  that  it 
should,  for  it  had  of  late  perhaps  been  making  me  nervous  and 
fidgetty,  notwithstanding  the  important  circumstanoe  that  the 
liberality  of  the  Board  of  T.  G.  D.  has  taken  it  out  of  the  region 
of  commercial  speculation — and  I  am  not  very  sensitive  to  criti- 
•cism— certainly  not  at  all  so  to  yours  ;  although  I  might  not  like 
to  be  sneered  at  by  an  uninformed  or  imcandid  person,  where  I 
knew  that  great  labour  had  been  expended,  and  believed  that  valu- 
able results  had  been  attained.  It  is  the  promise  of  future  service 
to  science  rather  than  the  actual  achievement  so  far,  which  I  value 
in  the  quaternions ;  but  I  must  assert  my  belief  that,  even  in  their 
present  infant  state,  they  constitute  a  new  and  powerful  calculus 
for  the  solution  of  geometrical,  and,  therefore,  also  of  physical 
problems. 

'  You  will  see  that  I  am  writing  more  fulli/^  in  the  contents  or 
summary,  on  points  pecuUar  to  them,  or  which  I  suppose  to  be 
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such,  than  on  other  subjects,  which  yet  I  thought  I  could  not 
avoid  introduoiiig  in  the  Lectures.  But  I  must  also  have  some 
preface,  which  shall  briefly  state  what  seems  to  be  the  relation  of 
quaternions  to  some  other  things,  especially  to  double  algebra. 
And  it  has  occurred  to  me  that  it  might  be  not  amiss,  as  a  prepara- 
tion, nor  uninteresting  to  yourself,  that  I  should  write  to  you  on 
the  chief  points  of  contrast  between  quaternions  and  double 
algebra;  the  agreements  are  obvious  on  the  surface,  and  it  will 
cost  me  little  or  no  trouble  to  draw  up  a  short  account  of  them  for 
others. 

'All  about  differentials,  integrals,  variations,  summations, 
general  theories  of  surfaces  and  curves,  with  physical  applications, 
&c.,  I  must  reserve  for  a  future  volume.  By  the  time  it  is  ready, 
I  may  be  a  little  more  up  to  the  history  of  the  whole  class  of 
speculation.  Meanwhile  you  have,  on  various  points,  relieved  my 
mind ;  and  don't  take  any  trouble  about  G-auss  at  present,  so  far 
as  I  am  concerned.  Kummer's  recent  Paper  suggests  to  me,  who 
know  very  little  about  numbers,  that  Gauss's  biquadratic  residues 
may  perhaps  be  of  the  form 

when  abed  are  integers,  and  a  is  an  imaginary  5th  root  of  unity ; 
but  all  this  is  quite  out  of  my  way.  I  may  mention,  however^ 
that  I  have  heaps  of  imread  liouvilles,  Crelles,  and  Comptes 
Bendus,  so  that  a  reference  might  now  and  then  be  of  great  use  to 
me.  After  a  little  while,  I  can  send  some  more  old  "baby'^ 
verses  for  Mrs.  De  Morgan's  album.' 

li'om  the  Same  to  the  Same. 

*  Obsebyatobt,  Monday  night,  January  26,  1852. 

'  Is  not  this  an  amusing  account  of  the  origin  of  the  phrase 
^'  Panic  "  P  It  is  a  pleasure,  and  an  useful  one,  to  go  off  now  and 
then  from  one's  habitual  pursuits ;  and  while  himting,  just  now,, 
among  my  scattered  books  and  papers,  for  your  essay  on  triplets, 
to  write  to  you  about,  my  hand  fell  on  a  book  in  partially  con- 
tracted Greek,  which  I  opened  at  this  story  about  Bacchus  and 
Pan.  Come,  said  I,  De  Morgan  knows  Greek ;  this  will  do  as  well 
as  anything  else.    So  I  set  to,  as  a  relaxation,  to  copy  the  story 
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for  you ;  but  may  well  have  2uade  some  mistake  in  the  accents^ 
especially  where  t«noontraoting ;  and  even,  though  I  don't  suspect 
ity  in  the  sense^  here  and  there,  as  I  have  not  consulted  any  version, 
lexicon,  or  grammar,  and  never  met  the  passage  before.  I  have, 
meopericulo,  inserted  an  iota  aubscriptum  or  two,  which  may  have 
been  hazardous.  Never  mind — duriora  passi.  I  have  found  some- 
thing more  interesting,  namely,  your  first  note  to  me ;  but  one 
thing  at  a  time.     Good-night. 

^  (I  have  not  even  looked  et  the  title-page,  but  your  bibliography 
may  probably  anticipate  all  that).' 

"EK  TON  nOAYAINOY  DEPI  STPATHrHMATQN. 

**Aiovv<rov  ^parriyog  i^v  6  Ilav.  Ouroc  npioTog  ra&v  tvpiv, 
oivo/iao'e  ^aXayyuj  xipag  tra^t  Si^iov  Koi  \iu6v'  Tairg  roc  apa 
Kipa<r<l>6pov  rov  llava  driptovpyovaiv,  *AXAa  Sfj  koX  vpCjroQ  ovrog 
TToXe/i/otc  0oj3ov  ci/c/SaXc  0*0^(9  Kot  Ti\vy.  ^Hv  yap  Aiovvac^  iv 
KotXy  vairg  vyyitXav  oi  (tkoitoI  pvplav  X^po.  ifoKiplwv  hriKUva 
?paroircSci;«v,  cSf^rci^*  6  AtoVi/aoc'  ov  priv  87c  Da  v.  *AXAa 
Icriifiaivi  vvKTwp  Aiovvaiaicp  ^paria  oKaXa^aL  fiiyiarov.  01  piv 
TlXaXa^av'  avTfi\riaav  Si  ai  irhpaiy  Koi  to  koiXov  r^c  vairiic  t^Xov 
TToXX^y  /icc^ovoc  Svva/ucbic  Tolg  TfoXiptoiQ  ivBiroiti9iv.  01  piv  Sri 
^o/3<(f  vXrtyivTBQ  f^cvyov.  Tdv  8c  Ilavbg  Tparryyripa  TipdvTtc  Trjv 
'H;^(k»  Tt^  Uavl  ^tXriv  ^So/xcv*  koI  rove  kcvovc  koL  vvicrtpivoifg  t£jv 
^parevpaTwv  ip6fiovg  Uavl  KXfitZoptv." 

From  the  Same  to  the  Same. 

«  Observatoilt,  January  27,  1852, 
'  Tuesday  night, 

*My  dear  De  Morgan.  To  save  time,  may  not  I  as  well  call 
you  so,  and  you  call  me  dear  Hamilton  ?  I  respect  your  English 
prejudice  against  that  sort  of  thing,  but  your  note  of  1841,  which 
has  just  (last  night)  turned  up,  reminds  me  that  we  were  once 
introduced.  Of  course  you  will  say,  we  could  be  only  once  '^  intro- 
duced "  ;  but  I  can  prove  the  contrary,  at  least  by  the  expressed 
opinion  of  a  lady  to  whom  I  have  veiy  long  looked  up,  and  to 
whom  I  used,  about  a  year  ago,  in  perhaps  a  fit  of  playful  spleen 

*  $9liufftr  would  please  my  eye  better. 
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(reciprocated  at  the  moment  by  her},  some  such  expression  about 
'^introductioD."  I  speak  of  Lady  (G-uy)  Campbell,  daughter  of 
Lord  Edward  Fitzgerald — a  ^'  Pamela  "  (of  Mad.  Q-enlis,  not  of 
Biobardson) — with  whom,  to  my  own  great  moral  advantage,  I 
was  intimate  an  immense  time  ago,  and  who  always  gave  me  the 
best  advice,  and  the  most  friendly  counsel — not  that  she  was  so 
much  older  than  myself;  and  comforted  me  much  about  mj 
antenuptial  troubles,  to  which  that  last  line  in  my  sonnet  to  my 
garden  referred.  Well,  what  has  all  this  to  say  to  you  P  merely 
that  meeting  Lady  Campbell  at  a  Dublin  Musical  party,  given  (I 
think)  by  Mrs.  Charles  Graves,  and  at  which  I  met  my  old  pupil 
the  present  Earl  of  Dunraven,  who  was  also  a  prodigious  admirer, 
in  the  innocent  sense,  of  the  lady  already  mentioned,  I  asked 
Dunraven,  in  my  momentary  flurry,  to  "  introduce  "  me  to  Lady 
Campbell,  on  which  she  (having  overheard  me)  said,  in  a  pretended 
hufF,  "  Yes,  that  is  just  the  word,  you  are  to  be  introduced  to  me." 
I  must  own  that  in  point  of  fact  I  had  not  seen  her  for  two  or 
three  years — not  since  she  became  a  widow. 

'  Lady  Hamilton  and  I  have  since  visited  Lady  Campbell,  and 
some  of  her  charming  children,  who  live  now  more  than  ten  miles 
away  from  us. 

*  Fighting  off,  for  the  moment,  all  thoughts  about  the  quater- 
nions (although  some  curious  thoughts  about  double  algebra  passed 
through  my  brain  this  morning),  I  may  add  that  it  was  merely  as 
diversion  to  myself,  and  as  a  little  mark  of  sympathy  as  a  Univer- 
sity man  with  you — perhaps  you  do  not  know  that  I  am  a  Doctor 
of  Cambridge  ever  since  1845 — that  I  copied  out,  last  night,  that 
little  Ghreek  anecdote,  or  myth,  for  your  reading.  It  would  be 
absurd  to  boast  of  scholarship  on  the  score  of  understanding  that 
stoiy.  Easier  Ghreek  was  perhaps  never  written.  I  hoped  that  my 
two  boys  were  gone  to  bed,  at  the  time  of  my  copying  it,  but 
found  afterwards  that  my  younger  son,  Archibald,  who  is  a  tre- 
mendous bookworm,  was  down  stairs.  So  I  showed  him  my  copy 
of  the  Greek,  and  he  translated  it  off-hand.  I  begged  of  him  to 
search  in  Homer  whether  there  was  any  case  of  the  spelling  SSScmtc. 
He  brought  me  first  (this  evening)  the  line  0',  138,  beginning : 
Aii<rB  8'  07'  iv  Ovfiif;  but  afterwards  hit  off  what  I  wanted,  by 
producing  the  line  a\  568 : 
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I  remember  writing  duriora,  instead  of  graviora  pasai,    £eep  never 
minding. 

^F.  S.  (1). — The  said  Axohibald  and  myself  read  the  first  six 
l>ooks  of  Euolid  through  together,  a  few  years  ago,  in  the  Oreek, 
not  skipping  the  Fifth  Book,  although  I  left  it  to  him  to  decide 
whether  we  should  do  so.  We  agreed  in  voting  that  the  last  pro- 
position of  the  Fourth  Book,  about  the  Quindecagon,  was  Ana" 
-lytical, 

*  F.  S.  (2). — Bishop  Butler  says,  in  the  prefaoe  to  his  Sermons 
{I  quote  from  WheweU's  edition),  "  Henoe  an  argument  may  not 
readily  be  apprehended,  which  is  different  from  its  being  mistaken; 
and  even  caution  to  atH)id  being  mistaken  may,  in  some  cases,  render 
it  less  readily  apprehended.^*    The  italics  are  mine. 

*  How  abominably  interlined  and  corrected  this  note  is !  Yours 
is  a  much  better  plan,  of  making  no  alterations.  They  don't  even 
add  to  clearness  always,  although,  as  you  may  imagine,  it  is  for 
that  purpose,  and  not  for  elegance,  that  I  make  them.  See  the 
•quotation  from  Butler,  on  the  margin  of  the  first  page ;  and  pray 
admire  my  modesty  in  making  it  I ' 

IVom  A.  Ds  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Caild3?n-8theet,  Camden  Towf, 
<  January  28,  1862. 

*  What  I  return  of  course  I  received.  Tou  are  doing  exactly 
what  I  want ;  there  is  nothing  for  it  but  to  be  full — ^very  fiill — in 
the  statement,  the  most  dogmatic  statement,  of  aU  points  of 
meaning. 

'  The  sonnets  are  very  pretty.  I  shall  return  them ;  they  seem 
to  be  originals,  or  at  least  not  lately  copied  (I  do  not  speak  of  the 
sonnets,  but  only  of  paper,  pen,  and  ink). 

'  You  certainly  understand  those  abominable  Ghreek  contractions. 
I  cannot  find  any  reference  to  this  story  of  FolyaBUus  in  Smith's 
classical  dictionary  (Art.  Pan),  though  the  references  are  very 
thick,  and  several  instances  of  the  *'  panic ''  modi  of  exciting  fear 
are  given.  I  suspect  the  story  has  dropped  out  of  reference  books. 
The  story  of  Fan's  horns  is  curious.  It  reminds  me  of  the  way  in 
which  the  Hindoo  mythologists  represent  military  affairs.  In  their 
^eat  war  (answering  to  the  Trojan  war  in  Greek,  from  which  all 
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the  great  familiee  olaim  descent)  it  is  said  that  the  enemy  attacked 
in  the  shape  of  a  serpent  with  manj  heads.  By  comparing  this, 
description  with  others,  it  would  seem  that  all  represent  modes  of 
attack,  and  that  the  above*  represents  that  the  dense  column  of 
march  formed  itself  into  lighter  columns  of  attack,  which  is  more- 
military,  no  doubt,  but  not  half  so  poetical. 

^  All  manner  of  things  prevent  me  going  on  to-night.' 

From  Sir  W.  E.  Hamiltox  to  A.  Db  Morgan. 

<  Obsebvatobt,  January  31,  1852. 

*  In  an  early  letter  of  what  I  suppose  I  may  call  the  present "  cor- 
respondence," you  invited  me  to  tell  you,  in  confidence,  who  it  was 
that  I  suspected  of  robbing  me.  On  further  reflection,  my  grounds- 
of  suspicion  seem  weaker  than  they  at  first  did — perhaps  you  might 
be  able  to  remove  them  altogether ;  but  on  the  whole,  I  believe  it 
is  best  to  be  silent  on  the  subject,  lest  the  recollection  that  I  had 
expressed  a  doubt  of  the  fairness  olE  the  person  I  allude  to,  and  with 
whom  I  have  never  yet  come  personally  into  contact  or  collision^ 
might  make  it  somewhat  difficult  for  me  to  be  on  cordial  terms  with 
him  hereafter,  if  we  should  ever  meet,  or  engage  in  any  sort  of 
correspondence,  private  or  public.  I  might  have  the  feeling  of 
having  acted  unjustly,  and  be  in  consequence  sore,  which  at  present 
I  am  not ;  nor  do  I  at  all  imagine  myself  to  be  in  any  danger  of 
having  the  quaternions  attributed  to  him.  Very  generally,  they 
have  been  received  by  eminent  men  in  these  countries,  not  only 
with  candour,  but  with  generosity — ^you  must  allow  me  to  use  that 
word,  because  I  do  not  see  that  men  who  have  important  and 
original  matter  of  their  own  to  attend  to  are  bound  by  justice  to 
examine  into  the  merits  of  every  new  speculation  proposed,  nor^ 
having  examined,  to  praise  it,  even  if  it  be  held  to  deserve  praise. 
For  my  part,  I  should  be  sorry  to  think  myself  obliged  to  read 
every  new  work  of  merit,  even  among  those  which  I  may  happen 
to  possess  and  to  be  capable  of  reading.  Nor  is  it  my  business  to- 
tell  the  world  that  I  admire  even  what  I  do  admire,  unless  indeed 
I  am  conscious  of  some  specific  or  general  obligation,  definite  enough 
to  be  relevantly  told,  in  connexion  with  something  of  my  own^ 

*  Referring  to  an  iliustration  representing  a  many-headed  serpent. 
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which  something,  moreovery  I  am  publishing,  or  have  published. 
Now,  Heischel,  Gayley,  Donkin,  Peaoook,  yourself,  and  others  in 
England,  to  say  nothing  of  my  Dublin  friends,  have,  as  it  seems, 
to  me,  stepped  out  of  their  own  ways  to  reoognise  and  encourage  my 
exertions ;  not  that  they  have  not  all  shown  themselves  abundantly 
capable  of  working  in  the  same  line;  and  you  must  permit  me  ta 
consider  this  as  generosity,  and  as  something  ornamental  in  con- 
duct— a  flesh-and-blood  covering  of  what  must  still  be  the  internal 
framework  and  support,  namely,  the  principle  of  justice.  In  shorty 
I  don't  set  up  for  being  an  ill-used  man. 

^  As  to  my  having  employed  the  word  to  which  you  objected, 
in  reference  to  a  note  of  yours,  I  doubtless  had  a  motive ;  but  till  I 
read  over  all  your  letters  again  with  care  I  may  not  remember  it 
with  sufficient  distinctness;  nor  will  it  then  be  worth  the  troubling^ 
you  with  a  statement  of  it.  But  as  I  efo  remember  what  was  in 
my  head,  when  I  "  hoped  you  were  satisfied  "  with  the  concluding^ 
statement  about  the  histoiy  of  triplets,  annexed  to  my  first  series 
of  researches  on  quaternions,  in  the  Transactions  B.  I.  A.,  I  may 
as  well  mention  it  briefly.  I  knew  that  you  had  preceded  my 
friends,  the  Qraveses,  in  your  particular  conception  of  triplets,  and 
that  I  had  preceded  you  in  the  general  conception  of  sets,  and 
was  anxious  that  I  should  not  seem  to  be  greedy  of  praise  for  my- 
self, nor  to  let  my  old  personal  regard  for  others  make  me  unjust 
to  the  rightful  claims  of  you,  who  were,  even  as  far  as  letters  had 
gone,  at  that  time  a  comparative  stranger. 

^  Then  again — but  this  is  a  delicate  point  to  touch  on — I  had 
been  made  cautious,  perhaps  sensitive,  by  my  intercourse  with 
poor  MacCullagh,  who  was  constantly  fancying  that  people  wero 
plundering  his  stores,  which  certainly  were  worth  the  robbing. 
This  was,  no  doubt,  a  sort  of  premonitory  symptom  of  that  in- 
sanity which  produced  his  awful  end.  He  could  inspire  love, 
and  yet  it  was  difficult  to  live  with  him;  and  I  am  thankful 
that  I  escaped,  so  well  as  I  did,  from  a  quarrel,  partly  per- 
haps because  I  do  not  live  in  College,  nor  in  Dublin.  I  fear 
that  all  this  must  seem  a  little  imkind;  but  you  will  under- 
stand me.  I  was  on  excellent  term»  with  MacCullagh;  was  tho 
reporter  (of  course  an  admiring  one)  on  his  first  conmiimica- 
tions  to  the  Eoyal  Irish  Academy ;  spoke  of  those  early  papers, 
of  his,  in  1832,  to  the  British  Association,  when  it  first  met  at 
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Oxford ;  took  pains  to  exhibit  the  merits  of  one  of  his  papers  on 
light,  in  a  (subsequently  printed)  Address  from  the  Chair  of  the 
B.  I.  A.,  on  the  occasion  of  presenting  to  him  a  gold  medal  in 
1838,  the  first  during  mj  Presidencj,  and  for  the  awarding  of 
which  to  him  I  had  previously  spoken  and  voted  in  Council,  as 
against  a  paper  of  my  own  (a  copy  of  which  Address  I  can  send 
you,  if  you  have  it  not) ;  wrote  on  his  melancholy  death  the  sonnet 
herewitii  enclosed;  followed  his  coffin  on  foot  from  the  College 
through  the  streets  of  Dublin ;  co-operated  in  procuring  a  pension 
for  his  sisters ;  and  subscribed  to  the  Mac  Cullagh  Testimonial. 

^He  was  one  of  the  very  first  persons  to  whom,  in  the  Council- 
room  of  our  Academy,  on  the  16th  of  October,  1843, 1  showed  the 
then  just  bom  equations  involving  t,y,  k.  At  that  time  they  seemed 
to  him  quite  new ;  but  about  a  year  afterwards  he  worked  himself 
into  a  fever  of  suspicion,  that  I  had  in  some  way  stolen  them  from 
a  '^  question  "  of  his  own,  which  was,  it  seems,  proposed  by  him  to 
the  candidates  for  Fellowship  in  Dublin,  in  1842,  and  which 
certainly  connected,  in  a  very  remarkable  way,  the  ordinary 
v/ZI,  with  an  ellipse  in  space.  If  I  can  find  the  proper  Calendar, 
I  shall  copy  the  question  below.* 

'  In  this  instance,  however,  as  before  about  the  conical  refrao* 
tion,  he  came  to  acknowledge  my  originality,  and  not  merely  my 
independence  or  priority,  but  that  he  had  failed  to  see  the  things 
I  saw,  although  it  may  be  supposed  that  a  little  farther  thought 
might  have  enabled  him  to  see  them.  And  it  is  naturally  a 
pleasant,  or  at  least  a  comforting  reflection,  to  me,  that  Dr.  Stokes — 
an  eminent  Dublin  physician,  who  is  also  an  appredator  of  genius, 
and  had  poor  Mao  Cullagh  to  spend  what  was  the  last  evening  of 
his  life  with  his  (Dr.  Stokes's)  family  and  himself,  but  did  not,  at 
that  time,  apprehend  any  immediate  danger — informed  me,  as  we 
walked  side  by  side  in  that  funeral  procession  through  Dublin,  that 
Mac  Cullagh  talked  for  a  long  time  (he  said  an  hour)  about  the 
quaternions,  as  a  remarkable  discovery,  which  he  then  attributed 
entirely  to  me.  Still,  it  is  possible  that  his  former  suspicions 
(arising,  I  believe,  chiefly  from  the  fretfulness  of  ill-heedth)  may 
have  made  me,  to  this  day,  a  little  nervous  about  being  suspected. 

*  I  find  that  one  of  the  '^  Stratagems ''  collected  by  Polyaenus  is 

*  [Lectures  on  QuaUmumSy  p.  (43).] 
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the  well-known  older  ora  petite  at  Pharsalia,  cc  <iyTa  ra  wpoawira. 
80  I  suppose  he  may  he  olassed  with  Lucian,  and  perhaps  he 
invented  that  story  about  Pan ;  hut  I  assure  you  /  did  not  invent 
it,  although  when  a  hoy  I  onoe  amused  myself  by  oomposing 
(what  I  oould  not  do  now)  a  Luoianio  dialogue,  respecting  the 
Bapeof  Helen,  in  which  I  described  her  tearful  irresolution  on  the 
Grecian  strand,  and  threw  in  several  pretty  incidents,  for  which  I 
should  have  found  it  di£Scult  to  assign  any  other  authority  than 
that  of  the  relating  sea-nymph.  Years  afterwards,  this  dialogue 
turning  up,  I  had  the  malice  to  send  it  to  my  poetical  friend 
Aubrey  De  Yere,  without  any  explanation,  and  he  was  delighted 
to  receive  the  new  fragment  from  the  wreck  of  antiquity,  from 
which  it  may  be  judged  that  his  knowledge  of  Qreek  prose  was 
not  equal  to  his  skill  in  composing  English  poetry. 

[Here  follows  an  anecdote  printed,  aupray  vol.  ii.,  p.  34.] 

*  The  line  from  Yirgil  that  I  lately  alluded  to  was  of  course : 
0  passi  graviora,  dabit  Deos  his  quoque  finem. 

Queiy,  are  the  quaternions  included  among  the  his  qtwque?  I 
thought  I  was  done  with  them,  but  my  interest  in  them  has 
suddenly  revived.  However,  I  shall  try  to  stick  to  the  table  of 
contents.' 

lyom  A.  De  Moboan  to  Sir  W.  E.  Hamilton. 

« B^nruary  2,  1852. 

' .  .  .  Your  account  of  poor  Mac  CuUagh's  death  interests  me 
much ;  it  tends  to  a  notion  I  have  in  my  head,  namely,  that  your 
race  is  somewhat  susceptible  on  such  points  as  that  of  priority. 
This  is  not  an  English  reflection  upon  the  Irish — for  I  am  not 
English,  I  was  bom  in  India — so  was  my  father — so  was  my 
grandfather — and  the  three  countries — quoad  any  special  associa- 
tion oi  mine — are  undistingmshable — in  fact  I  am  a  Briton  un- 
attached. .  .  .  Dr.  Mulcahy  of  Galway  has  just  sent  me  a  good- 
looking  book  about  the  altitudes  of  modem  geometry.  I  knew  I 
had  heard  the  name  before ;  and  I  now  remember  that  in  the 
materials  fumished  to  me  for  the  life  I  wrote  of  poor  Murphy  in 
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the  Supplement  of  the  Penny  Cychprndtay*  it  was  noted  that  the 
person  who  found  him  out  was  a  Mr.  Muloahy  of  GorL  Is  this  the 
same  person  P  If  so,  I  suppose  he  must  be  well  bejond  fifty 
years  old. 

*  There  is  another  Irishman  in  whose  writings  I  am  interested 
— ^I  mean  Mr.  Salmon.  What  aged  man  is  he  P  How  comes  it 
that  the  geometrical  extensions  take  such  root  in  Ireland  P  Yourself, 
€.  Graves,  Mac  Cullagh,  Salmon,  &o.,  are  all  t^jo  in  them.  Hardly 
a  soul  in  England  cares  about  them.  The  pure  differential  calcu- 
lus does  not  seem  to  interest  you  (I  mean  you  plural)  so  much, 
except  as  something  to  be  applied. 

*  Nothing  is  more  common  than  a  suspicion  of  others  copying 
inferentially — that  is,  taking  ideas  from  other  persons'  cognate 
ideas.  Now,  in  the  first  place,  this  is/air — ^it  is  the  way  we  all  must 
do.  A  question  in  an  examination  paper  may  suggest — and  if  it 
do  so,  it  is  right  it  should. 

*  Lord  Adare  I  remember — ^twenty  years  ago — when  he  was  a 
boy.  He  used  to  be  with  Dr.  Bobinson  in  town,  and  I  used  to 
meet  him  at  Francis  Baily's. 

*I  shall  be  glad  to  have  the  Address  you  mention.  The 
sonnet  about  MacCullagh  is  appropriate,  and  I  have  no  little 
carping  to  make  on  the  language. 

*  When  you  haye  quite  done  with  quaternions,  you  must  write 
a  book  on  the  undulatory  theory — never  mind  the  history  of  y^ll. 
The  play  is  not  played  out  yet.    Mine  is,  however,  for  to-night. 

*  P.  S. — ^The  remark  about  caution  against  mistakes  lessening 
apprehension  is  wonderfully  trucf  Have  you  my  ^'Book  of 
Almanacs  "  P  and  my  *^  Arithmetical  Books  "  P 

Dam  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

*  Obsbbtatort,  February  9,  1852. 

*  If  you  really  are  as  little  accustomed  to  the  modem  geometry 
as  you  would  have  me  believe  that  you,  or  at  least  that  the 
"English"  are,  you  will  stare  at  the  following  "proof"  of  a 
theorem  of  Desargues,^  which  occurred  to  me  the  other  day.    It 

*  [A  most  interesting  account  of  Murphy's  early  life. — ^R.  P.  G.] 

t  iSuprOj  p.  329.,  P.8.  (2).] 

t  [Friend  of  Desoartet,  and  author  of  a  treatise  on  Come  Seeiians.} 
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1>ri3ig8  in  v^^y  but  seems  to  me  to  have  no  sort  of  oonnezion  with 
double  algebra,  nor  with  quaternions. 

'  The  theorem  is  that  oited  at  the  oommencement  of  my  Abstract 
lately  sent,  namely,  that  if  a  transTersal  out  the  four  suooessiye 
sides  of  a  quadrilateral  in  a  oonio,  and  the  curve  itself,  in  the  six 
points  A^  A\  Bj  B^  C,  C,  those  points  are  in  involution.  By 
imaginary  perspective,  substitute  for  the  conic  a  circle,  and  for  the 
transversal  a  line  at  infinity,  perpendicular  to  the  bisector  of  the 
angle  between  two  opposite  sides  of  the  quadrilateral.  Take  for 
unity  the  perspective  from  the  centre  on  the  line,  the  foot  being 
made  origin  of  abscissae,  and  the  line  itself  the  axis.  Then  the 
points  of  intersection  with  the  sides  come  to  be  represented  by  the 
numbers  +  ^,  +  f^,  - ^,  ~t«,  ±  ^  being  conjugate,  as  also  ±  u ;  and  the 
intersections  with  the  cirde,  by  ±y/^.  But  whatever  %  may  be, 
the  three  pairs  ±  ^,  ±  ti,  ±  i,  are  in  involution ;  .'.  &c.  I  Perhaps  I 
have  caricatured  the  mode  of  '^  proof,"  if  such  it  may  be  called, 
but  I  assure  you  that  I  should  feel  no  small  mrprisey  if  a  theorem 
derived  in  this  way  should  afterwards  be  shown  to  be  false,  by 
processes  of  a  more  ordinary  kind. 

*  Salmon  may  be  called  a  young  man,  at  least  he  is  much 
yoimger  than  I  am. 

^  I  think  that  there  is  a  greater,  or  at  least  a  more  general, 
aptitude  for  pure  geometry  ia  Ireland  than  in  England.  The 
Fellows  of  T.  G.  D.  are  nearly  all  geometers,  and  some  of  them 
are  extremely  good  ones,  although  the  pubUo  examinations  for 
Fellowship  do  not  turn  mtteh  upon  geometry — analytics  having, 
I  think,  in  general,  a  larger  share  allowed  them  in  the  mathematical 
part  of  the  course ;  which  course  is  very  extensive,  and  perhaps 
too  miscellaneous.  I  was  very  glad  to  get  Mulcahy's  book,  and 
immediately  set  my  boys  to  begin  it,  which  has  had  the  good  and 
designed  effect  of  driving  them  back  to  Eudid.  Mulcahy,  before 
he  was  appointed  Professor  in  one  of  the  Queen's  Colleges,  had 
long  been  celebrated  in  Dublin  as  a  "  grinder,"  or  private  tutor  in 
mathematics,  and  was  known  to  be  well  up  ia  all  traditional  lore 
of  cuts — ^which  I  was  never  taught ;  for  though  I  always  carried 
away  whatever  premiums,  &c.,  were  going,  when  I  was  an  under- 
graduate, I  had  no  private  tutor ;  and,  on  the  other  hand,  was  not 
obliged  by  circumstances  to  become  one,  although  I  was  afterwards 
induced  to  receive  two  of  the  young  Pagets  here,  as  guests  rather 
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than  aB  pupils,  although  paid  for,  during  Lord  Anglesey's  first 
yiceroyaltj,  and  at  a  later  time  had  Lord  Adare  as  a  payings 
inmate,  but  rejected  all  other  applications.  Lord  Adare,  now 
Dunraven,  is  a  distant  connexion  of  mine — ^fifth  cousin  by  my 
mother's  side — and  a  very  pleasant  person  he  was  to  have  in  one'fr 
house,  besides  that  he  was  so  fond  of  astronomy  as  almost  to  be  a^ 
second  assistant.  I  particularly  stipulated  with  his  father  that  I 
was  not  to  be  expected  to  teach  him  the  classics,  but  could  not 
resist  the  impulse  to  give  him  some  help  when  I  saw  him  at  timea 
hammering  away  at  Gbeek.  One  day  that  some  blunder  in  the^ 
grammar  (which  perhaps  I  might  now  make  myself)  provoked  me, 
I  asked  him,  "  What  did  you  learn  at  Eton  P  "  "  Learn,"  said 
he  ;  ^  I  never  fancied  that  I  was  sent  there  to  learn  at  all.''  And 
as  he  was  a  most  dutiful  son,  I  believe  that  he  spoke  the  exact 
truth. 

'  I  do  not  admit  that  the  Irish  are  peculiarly  susceptible  or 
rather  jealous,  at  least  in  matters  connected  with  science,  although 
no  doubt  they  are,  myself  included,  an  excitable  race.  Poor 
MaoCullagh  was  an  exceptional  case,  and  his  fretfiilness  arose 
out  of  ill-health.  I  am  not  conscious  of  being  on  terms  of  even 
the  slightest  unkindness  with  a  single  Fellow  of  T.  G.  D.,  and 
with  several  of  them  I  am  on  a  friendly  and  indeed  affectionate 
footing.  To  be  sure,  many  of  them  ridiculed  me  about  the  qua- 
ternions, and  Charles  Gh*aves  once  burst  out  with  the  excla- 
mation, in  my  presence :  ^'  It  is  astonishing  what  a  prejudice 
exists  against  the  quaternions,  and  that  among  people  who  confess 
that  they  know  nothing  of  the  subject  1  "  "  Would  it  not  be 
more  discouraging,"  I  replied,  ^^  if  the  same  prejudice  continued 
among  those  who  are  acquainted  with  it  P  " 

*  February  10,  1852. — Mac  Oullagh's  question  (for  Fellowship 
here,  in  1842)  was  the  following,  and  I  think  you  will  admit  it 
was  a  remarkable  one,  while  yet  you  will  see  that  the  y^^  is  the 
ordinary  one,  and  that  not  even  double  algebra  (at  least  such  as 
Warren,  &c.,  have  used)  is  introduced,  though  each  equation  is 
obviously  designed  to  include  two.  After  my  attention  was  called 
to  the  subject,  about  the  end  of  1844,  by  learning  that  Mac  CuUagh 
laid  a  stress  upon  the  result,  and  on  its  previous  publication,  I 
easily  proved  the  theorem — at  this  moment  I  forget  how — and 
deduced  some  others  similar  to  it ;  but  was  not  able  with  truth  to 
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say  that  I  had  oonBoioiisly  derived  from  it  even  the  slightest  help 
or  suggestion^  as  regarded  the  inventioii  of  the  quaternions  in 
1843.  Whenever  your  great  work  ouy^Ily  from  the  Hindoop 
downwards,  appears — and  /  have  no  intention  of  writing  such  a 
worky  although  I  said  something  plajfullj  ahout  it — ^this  question 
maj  properly  have  a  niche  in  it. 

[Hamilton  then  gives  Mao  Gullagh's  Theorem,  and  adds,  '  I 
see,  since  copying  the  above,  a  very  simple  proof  of  the  theorem,' 
which  proof  he  accordingly  appends.  Both  theorem  and  proof  are 
to  be  found  at  p.  (43)  of  the  Preface  to  the  Leciurea  on  Quatemiom.'] 

^  Salmon  is  an  excellent  fellow.  Mulcahy  must  be  as  old  as 
you  conjecture.  I  have  not  those  books  of  yours  which  you 
mention — nor  your  Algebra ;  but  I  can't  expect  you  to  give  me 
all  your  books.' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

*  7,  Cakdxk-stbbet,  CAMDieir  Town, 
^Fehrttary  12,  18d2. 

*I  don't  see  the  relevancy  of  your  appendiculum  to  your 
answer  as  to  whether  you  had  certain  books  of  mine — ^namely, 
that  you  can't  expect  me  to  give  you  all  my  books.  Who  said  you 
did  or  could  P  I  trust  you  don't  mean  it  as  a  reflection  on  my 
fecundity  of  printing.  I  say  this  because  I  did  collect  all  I  have 
printed  out  of  serials,  and  was  startled  at  the  mass ;  and  perhaps 
you  may  have  been  startled  too  at  the  idea.  Nevertheless,  I  shall 
send  you  the  books  I  mentioned  as  soon  as  the  new  postal  regula- 
tion comes  into  force  about  books — on  March  1.  This  sending  of 
books,  you  know,  is  done  by  authors  quite  as  much  for  their  own 
cakes  as  for  their  friends. 

*  Your  imaginary  perspective  I  can  admit.  Concealed  under  it 
is  a  substitution  of  the  equilateral  hyperbola  for  the  circle.  An 
assumption  of  ir*  -y*=  1  for  a?*  +  y»  =  1,  is,  of  course,  y  v^Il  for  y  as 
a  mere  instrument  of  transformation.  I  have  always  held  it  a  great 
pity  that  the  equilateral  hyperbola  had  not  some  marked  property 
like  that  of  the  circle  which  would  have  made  Euclid  introduce 
them  together. 

*A  year  or  two  ago  I  wrote  a  letter  to  the  Philosophical 
Magazine,  signed  ^'  The  General  Equation  of  the  Second  Degree," 

VOL.  III.  z 
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complaining,  in  the  name  of  that  respectable  member  of  Bodety, 
of  geometers  having  made  it  appear  as  if  the  ellipse  took  more 
than  its  share  of  a  certain  property.  Both  in  the  ellipse  and 
hyperbola  the  locus  of  the  perpendicular  on  the  tangent  from  the 
focus  is  the  circle — an  ellipse.  The  ellipse  has  the  lion's  share  of 
this  property.  Now  what  is  the  property  in  which  the  hyperbola 
takes  both  ?    You  will  not  be  long  in  finding  it. 

^  I  shall  draw  up  a  small  Paper  to  show  how  the  modem  geome- 
try may  be  worked  without  ambiguity  on  the  system  of  fxgm  which 
I  gave  in  the  Cambridge  and  Dublin  Journal.  I  have  been  looking 
at  Salmon's  book  lately,  and  regret  much  that  his  general  proposi- 
tions are  worked  on  u  case  of  the  diagram,  their  generality  being 
secured  by  trusting  in  algebra  for  the  other  cases. 

<As  to  people  ridiculing  quaternions,  let  them  do  it;  but  do 
not  let  them  succeed  in  making  you  feel  it.  They  exist  and  act — 
as  Newton  said  of  gravitation.  You  take  care  of  your  "  contents," 
and  never  mind  the  *^  non-contents." 

^  If  Mac  CuUagh  imagined  that  the  property  of  the  ellipse  he 
had  assigned  had  anything  to  do  with  any  system  of  v^ri  except 
the  old  one — or  could  suggest  anything — he  was  strangely  de- 
ceived. The  property,  so  far  as  appears,  has  a  shade  more  of 
connexion  with  the  couplets  of  the  Pure  Time  than  with  quater- 
nions. In  devising  the  question,  he  first  established  d:*  +  d?^e  con- 
stant, &c.,  and  then  constructed  his  equation. 

*  I  object  much  to  the  phrase  of  six  points  in  involution. 

*  If  the  ratio  compounded  of  A£  to  J3(7,  and  CD  to  DA  give  a 
ratio  of  equality,  we  say  AC  is  harmonically  divided  in  B  and  D. 
Say,  ABy  CD  are  harmonics. 

'  Then  it  AB  to  BCy  CD  to  DE,  EFto  FA,  compounded,  also 
give  a  ratio  of  equality,  why  not  bajA  B  C  D  E  Fwce  harmonics  f 
We  have  then  an  harmonic  quadruplet  and  sextuplet,  and  we 
might  have  octuplets,  &c.' 

From  Sib  W.  B.  Hamilton  to  A.  De  Morgan. 

^Obsebvatobt,  February  13, 1853. 

^  I  was  at  one  time  well  acquainted  with  Monge's  Analyse,  if 
that  be  the  name  of  the  larger  work,  lately  re-edited  by  liouville, 
in  which  he  ccimeots  partial  differential  equations  with  families  of 
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isurfaoeB,  and  modes  of  geometrioal  generation,  and  also  treats  of 
involutes  and  evolutes  in  space ;  but  it  is  so  long  since  I  studied 
that  worky  that  I  laid  aside,  in  a  sort  of  despair,  jour  Paper  ^'  On 
^  the  Connexion  of  Involute  and  Evolute  in  Space,"  when  I  received 

it  a  few  weeks  ago.  But  I  took  it  up  for  a  variety  to-daj,  spent 
the  whole  morning  in  studying  it  carefully,  and  think  that  I  now 
understand  it  thoroughly.     The  transformation 

r  in  (21)  is  very  pretty ;  I  suppose  that  in  getting  it  you  used  the  value 

for  I  found  it  inelegant,  at  least  in  my  hands,  to  differentiate  oim 
alone  of  the  three  equations  (20). 

^  About  the  constancy  of  (7PT,  the  following  simple  process 
occurred  to  me.  Merely  because  FP  and  TT  are  ^mall  of  the 
first  order  with  respect  to  PT  (without  any  use  of  the  right  angle 
TFF),  while  FTT  is  a  straight  line,  the  angle  TFT  is  small  of 
the  second  order,  and  CPT  may  be  substituted  for  CI^T\  The 
right  angle  TPP^  next  gives  (as  in  your  Paper)  TP^TP'  in 
length.    Thus  the  fundamental  equation  of  plane  bigonometry, 

Cr  ^CP'-^Pr-'2CP.PT.  cos  CPT 

^  is  to  be  differentiated  as  if  CT  and  PT  were  constant,  and  it  then 

gives 

CQ .  dCP 'CP.PT.  dcos  CPT, 

when  Q  is  the  foot  of  the  perpendicular  from  T  on  CP.  Simple 
as  this  last  formula  is,  I  got  it  (just  now)  as  the  interpretation  of 
an  expression  for  the  differential  of  the  scalar  of  the  versor  of  the 
quaternion  PT  ^  CP.  I  know  that  you  will  not,  and  ought  not, 
to  turn  aside  at  present  from  your  own  pursuits  to  examine  any 
such  calculations  of  mine;  but  as,  at  some  future  time,  you  may  be 
induced  to  acquire  a  practical  familiarity  with  their  working,  I 
shall  here  record  (if  you  preserve  this  letter)  a  few  equations 
respecting  involutes  and  evolutes  which,  q/ter  reading  your  Paper, 
it  gave  me  little  trouble  to  form.* 

*  [These  equations  are  to  be  found  in  the  Elements  of  Quaternions^  pp.  xxv.^ 
and  621,  &o.,  with  an  acknowledgment  of  De  Morgan's  share  in  the  investiga- 
tion.] 

z  2 


340  Correspondence  between  Sir  W.  Rowan  Hamilton  and 

*  I  hope  that  you  will  be  able  to  look  over  my  ^^  Contents,"^ 
when  a  proof-aheet  of  them  is  ready  from  the  printers.  I  am 
taking  pains  to  mark  off  distinctly  what  is  common  to  other  systems, 
and|  in  short,  to  assist  a  reader  who  is  not  a  mere  learner  to  skip. 
As  intermediate  between  the  frightful  length,  but  paucity,  of  th& 
*'  Lectures,''  and  the  shortness,  but  multiplicity,  of  the  "  Articlee,"^ 
I  am  introducing  into  the  Contents  a  division  into  '^  Sections,"^ 
§  i.,  &c.,  of  which  there  are  now  xxx.  written  out,  representing  ISa 
pages  of  the  book.  I  am  aiming  to  make  the  Table  of  Contents  a 
readable  abridgment  of  the  work ;  but  must  make  a  few  prefatory 
remarks  besides. 

*  The  night  before  last  I  attended  a  grand  ball  at  the  Castle,, 
and  contrived  to  pick  up  a  little  botany  and  embryology  from 
AUman,  geology  from  Jukes,  and  news  about  a  poetical  friend 
from  Anster,  besides  feeling  a  fair  enjoyment  of  the  spectacle,  and 
renewing  or  forming  an  acquaintance  with  two  men,  officers  in  the^ 
army  and  navy,  whom  I  had  not  seen  since  they  were  children. 

*  I  met  also  a  niece  of  Francis  Baily,  at  present  Lady  Kane, 
and  had  a  talk  with  her  husband,  Sir  Bobert  Eane,  about  the 
mathematical  professorships  in  the  Queen's  Colleges.' 

Drom  the  Samb  to  the  Same. 

'  Obse&tatort,  February  14,  1852. 

'  As  to  Euclid  and  the  equilateral  hyperbola,  one  would  think 
it  almost  as  natural  to  have  considered  the  case  of  a  triangle  on  a 
given  base,  where  the  difference,  as  where  the  sum,  of  the  angles  at 
that  base  was  a  right  angle.  Now  Thales  is  reported  (may  w& 
believe  those  stories  P  I  hope  we  may  at  least  believe  that  Pytha- 
goras discovered  the  property  of  the  hypotenuse — ^whatever  becomes 
of  the  story  of  the  hecatomb.  Thales,  I  say,  lb  reported),  if  I 
remember  rightly  what  I  once  read  somewhere,  to  have  discovered 
that  the  angle  in  a  semicircle  is  a  right  angle ;  and  no  doubt  he 
knew,  if  so,  the  more  obvious  equality  of  the  sum  of  the  three 
angles  of  a  triangle  to  two  right  angles.     The  complementary 

relation  A  +  B^^yior  the  triangle  in  the  Bemicircle,  or  in  the  cirde,. 
is  therefore  probably  older  than  Euclid ;  and  it  seems  that  the  analo- 
gous  relation  A^B^-^  might  or  even  ought  to  have  very  early  oo» 
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cnrred;  bat  this  gives  the  eqtdlateral  hyperbola  as  loous  of  the 
vertex.  I  suppose  the  property  is  f>ery  well  known ;  it  served  me 
several  years  ago  to  form  a  neat  equation  by  quaternions  for  the 
«quilatmil  hyperboloid  of  two  sheets— of  whioh  perhaps  more  anon. 
Mother  olose  connexion  between  oirole  and  equilateral  hyperbola 
is,  that  in  each  the  diameter  and  tangent  make  complementary 
angles  with  the  ordinate. 

*  Instead  of  racking  my  brains  to  re-invent  your  property  of  the 
hyperbola  (though  I  did  make  a  guess  or  two),  I  hunted  among  my 
numbers  (unbound,  I  regret  to  say)  of  the  FAilosophical  Magtmne^ 
for  some  years  past,  and  at  last  lit  on  the  amusing  and  instructive 
Paper  by  your  friend,  *'  The  General  Equation  of  the  Second  Degree," 
No.  225  of  third  series,  page  546  .  .  .  whioh  I  had  barely  gknced 
at  when  it  came  out,  and  did  not  then  know  it  to  be  from  your 
hand.  It  gave  me  no  trouble  to  see  proofs  of  the  things  stated  in 
No.  1 :  real  perspective  gives  at  once  from  the  oirole  the  property 
of  the  enlarged  ellipse ;  but  the  anahgies  were  new  and  striking  to 
me.  The  results  of  No.  2  seemed  more  surprising ;  I  was  content 
to  prove  them  by  co-ordinates,  with  the  use  of  which  I  was  once 
expert.  Not  at  the  first  look  seeing  that  you  designed  the  ellipse 
and  hyperbola  to  have  a  common  minor  axis,  in  one  received  sense 
of  that  phrase,  I  eliminated  o^,  /,  between  the  three  equations 

y'  (a?  -  ^)  =  hx'i/,    and  found    [(a?  -  eyx^*  =] 
{a?(d:-6)-y»)'-(a?-6)»-Ay», 
which  gave        {(ir-e)»-y»)(a?»-y»-l)-(l -«'-%». 
Tou  designed  1  -6*  =  A,  which  gives  aj'-y'  =  1. 

*  (To  suppose  «-«=±y  would  give  f/ ^±haf, 

«''=Y^  =  r%    .-.  (say)  a^  =  +rS  j/«  +  ArSic-y«^; 

the  tangent  and  the  supplemental  line  seem  in  this  case  to  coincide, 
each  making  45^  with  axis  of  x.  I  picture  to  myself  an  hyper- 
bola, A  >  0 ;  but  of  course  A  may  be  <  0.  I  have  not  considered 
with  any  care  the  meaning  of  the  factor  {x  -  ef  -  ^.  Perhaps  you 
have.) 

*I  wonder  what  put  the  theorem  about  those  supplemental 
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lines  into  your  head.  You  have  explained  what  led  you  to  tcish  to 
dificoyer  some  suoh  theorem.  I  am  very  far  from  knowing  all  that 
is  (perhaps  even  quite  commonly)  known  about  the  conio  sections ; 
but  it  is  my  impression  that  much  still  remains  to  be  discovered 
about  them. 

'  Now  for  a  bit  of  ^*  dogmatism."  It  is  my  wiU  and  pleasure 
to  believe,  and  you  need  not  try  to  argue  me  out  of  it,  that  a  circle 
is  not  a  degenerate  ellipse,  but  an  ellipse  a  deformed  circle.  The 
circle  is  (I  hold)  naturally  simpler  than  the  ellipse — subjectively  of 
course — ^but  no  one  need  seek  to  persuade  me  that  it  is  an  accident 
of  education  our  thinking  so.  It  has  a  ^*  prerogative  " — as  has  tha 
sphere  in  space.  But  I  am  willing  to  grant  that  the  equilateral 
hyperbola,  and  both  the  equilateral  hyperboloids,  are  also  preroga- 
tive figures,  very  nearly^  perhaps  quite^  as  much  so  as  the  circle  and 
sphere,  and  far  above  ellipse  and  ellipsoid.  Ditto  about  the  equi- 
lateral or  right-angled  right  cone.  Accordingly  quaternions  give 
charmingly  simple  expressions  for  these  various  eminent  loci,  aa 
possibly  I  may  find  time  and  room  to  print,  in  what  I  hope  will  be 
my  closing  sheet,  2  l  ;  although  very  decently  concise  equationa 
have  long  since  offered  themselves  to  me  for  other  curves  and 
surfaces  of  the  second  order ;  and  for  some  others,  for  example,  the 
surface  of  elasticity,  and  Fresnel's  Wave,  when  treated  by  my 
calculus.' 

Froni  A.  Ds  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Cahden-strebt,  Camden  Town, 
^Fehuary  15,  1852. 

^  Don't  be  dogmatical  without  any  need — nobody  denies  it. 
The  circle  and  the  straight  line  have  a  real  subjective  distinctness^ 
as  the  exponents  of  pure  translation  and  rotation,  as  well  as  for 
other  reasons.  Moreover,  though  the  circle  is  an  ellipse,  yet  it  is 
not  an  ellipse  only.  For  it  would  be  easy  to  make  a  class  of 
curves 

such  that  ^(^,  1)  =  1,  i/'(y,  1)  - 1,  giving  a  circle  when  n«=  1,  and 
never  any  ellipse,  but  only  a  most  transcendentissimal  unintegrable- 
in  every  other  case. 
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^  For  like  reasons  I  deny  that  an  elUpse  is  necessarily  a  deformed 
ciroley  though  that  is  one  way  of  viewing  it. 

^I  believe  in  projection  as  a  natural  and  necessary  mode  of 
deducing  the  ellipse.  But  what  distinguishes  the  straight  line  and 
circle  more  than  anything  else,  and  properly  separates  them  for  the 
purpose  of  elementary  geometry?  Their  self-similarity.  Every 
inch  o£E  a  straight  line  coincides  with  eveiy  other  inch,  and  off  a 
circle  with  every  other  off  the  same  circle. 

*  Where  then  did  Euclid  fail  P  In  not  introducing  the  third 
curve  which  has  the  same  property — the  %CTew.  The  right  line, 
the  circle,  the  screw — the  representatives  of  translation,  rotation, 
and  the  two  combined — ought  to  have  been  the  instruments  of 
geometry.  With  a  screw,  we  should  never  have  heard  of  the 
impossibility  of  trisecting  an  angle,  squaring  the  circle,  &c.  It  is 
true  that  the  assumption  of  the  screw  is  very  like  an  assumption 
of  all  the  point  of  difficulty ;  but  it  is  in  naturd  rerum  that  some 
assumption  there  must  be — arithmetic  excluded. 

^  I  admit  the  prerogative  of  the  right  cone,  right  cylinder,  and 
sphere.  I  doubt  about  the  cone,  though,  altogether,  as  not  self- 
similar.  The  right  circular  cylinder  and  the  sphere  are  the  right 
line  and  circle  of  solid  space ;  they  are  also  the  simple  translation 
and  simple  rotation  of  a  circle. 

*  So  we  have 

_  .  ,  fsimplest  translation — right  line.lT 

*Pomt 

^simplest  rotation — circle.§ 

,  ,    ,.         fsimplest  translation — ^plane. 

*1fEight  Une .  .        ^  ^ 

Lsi 


*§Circle 


simplest  rotation — cylinder. 

[simplest  translation— cylinder, 
simplest  rotation — sphere. 


*  All  self-similar. 

'  Now  because  of  the  double  genesis  of  the  cylinder — a  trans- 
lated circle — we  get  the  screw — self-similar  (a  very  bad  word). 

*  But  if  you  want  to  bring  in  the  cone — which,  though  rotation 
of  a  line,  is  translation  only  of  gramng  circle,  and,  moreover,  not 
simplest  rotation  of  line — I  do  not  see  why  the  not-simplest  rota- 
tion of  circle  should  not  come  in ;  and  then  you  get  the  ring  and 


( 
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the  8elf-outting  ring  with  the  orange  and  the  large  pip  in  the 
middle. 

'  I  never  meant  to  write  so  muoh  to  night. 

'  You  do  not  see  how  I  get  my  supplementah.  I  considered 
that  there  most  be  a  property  unfound,  and  looking  at  perpendi- 
oulars 

1 

a 

-  -  in  two  senses  reciprocal  of  a),  I  conjectured  that  the  simpler 

reciprocal  formations 

y--<M?, 

1 

y=-«> 

a 

most  play  some  part.  And  then  I  felt  about  for  it — how  I  don't 
know ;  but  everybody  who  has  ever  played  at  blindman's  buff  has 
some  idea  of  the  process,  if  ever  he  has  had  the  handkerchief  &irly 
on. 

^  I  have  written  the  inclosed  to  Mr.  Salmon — of  whom  I  know 
nothing  but  his  books,  though  that  is  a  good  deal,  or  a  deal  of 
good.  Bead  it  for  the  demonstration,  and  pass  it  on  to  him  if  he 
IB  a  man  to  like  such  things  from  a  perfect  stranger.  JEnire  nous^ 
since  my  grande  guerre  with  your  Scotch  synonyme — namesake  I 
mean — I  think  twice  before  I  open  correspondence  with  anybody 
unknown  to  me.' 

'  P.  S.  The  evolute  equations  I  dare  say  I  shall  pick  up  in  the 
course  of  the  content-reading. 

^  I  have  known  Lady  £ane  a  long  time.  When  Francis  Baily 
went  over  to  Dublin  to  the  British  Association,  she  introduced  her- 
self to  him.  He  hardly  then  knew  he  had  such  a  relation.  After 
that  she  was  a  favourite  of  his,  and  is  of  many  people. 

*  I  have  just  got  Mr.  Salmon's  book  on  plane  curves ;  he  really 
is  a  valuable  writer.  It  is  a  great  comfort  to. have  the  journals  all 
sifted  and  arranged,  particularly  for  persons  like  me,  wEo  never 
strive  after  the  mathematical  newspapers,  and  whose  knowledge  is 
therefore  not  always  entiUed  to  the  motto  eignatum  praeenti  noM.' 
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Fr<»n  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

'  Obsebyatobt,  F^uary  21,  1852. 

'  The  proof  for  Salmon  read,  understood,  and  now  forwarded 
1>7  me  to  the  College ;  but  he  may  not  reoeive  it  until  Monday. 
I  have  said  that  you  seemed  to  fear  it  might  be  thought  an  intru- 
sion, and  left  the  forwarding  of  it  to  my  own  disoretion  vin  this 
instance ;  but  /  am  sure  that  Mr.  Sahnon,  who  is  a  very  amiable 
man  as  well  as  a  good  geometer,  will  take  it,  as  he  ought,  in  good 
part.    I  had  other  things  to  write  about,  but  must  postpone  them.' 

Friym  the  Bbv.  G.  Salmon,  f.t.cd.  to  Sir  W.  B.  Hamilton. 

'  Tbikitt  Collxge,  February  24,  1852. 

'  I  have  to  thank  you  for  your  letter  enclosing  one  from  Prof. 
De  Morgan.  You  have  judged  rightly  that  I  should  indeed  have 
been  sorry  had  you  adopted  the  course  of  suppressing  the  letter.  I 
answered  his  letter  yesterday,  and  will  now  give  you,  as  you  wish 
it,  the  substance  of  my  remarks  on  his  proof. 

*  The  following  demonstration  is  the  same  in  principle  as  De 
Morgan's,  but  simpler  in  form : — 

[Here  follows  a  proof  of  the  anharmonic  theorem.] 

'  I  then  took  an  opportunity  of  expending  on  De  Morgan  (I 
l>6lieYe  now  rather  unproyokedly)  some  pent-up  wrath  against  the 
English  school  of  geometers  generally.  They  seem,  in  general,  not 
•convinced  by  the  most  elegant  geometrical  proof  imtil  it  is  helped 
out  by  an  algebraical  demonstration.  For  example,  Mr.  Walton, 
of  Cambridge,  has  lately  published  a  collection  of  problems  on 
oonic  sections,  where  he  gives  himself  much  credit  for  replacing 
the  geometrical  proofs  in  mine  and  other  works  by  algebraical 
ones.  Now  it  seems  to  me  that  there  are  real  difficulties  enough 
in  mathematics,  without  increasing  the  number  by  conventional 
restrictions.  Why  are  we  to  forbid  ourselves  the  use  of  any  in- 
strument which  can  help  us  on  P  When  trying  to  make  out  a  new 
theorem  I  would  employ,  with  equal  willingness,  algebra  or 
geometry  (or  quaternions,  if  only  I  could  use  them  well  enough) ; 
and,  if  any  mathematician  could  invent  for  me  a  new  method,  I 
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should  use  it  with  thankfulness.  And  if  this  is  the  method  which 
I  employ  in  my  own  researches,  I  think  I  should  be  wrong  in 
teaching  my  pupils  a  different  system.  To  employ  algebra  exdu- 
siyely  would  no  doubt  make  the  book  prettier  and  more  harmo- 
nious ;  but  it  would  train  up  my  young  readers  in  the  exdusive 
employment  of  a  single  method  when  it  is  desirable  to  make  them 
dexterous  in  the  use  of  all,  and  to  set  them  an  example  in  using 
all  by  tumSy  as  most  convenient.  The  case  is  different  when  the 
object  is  not  to  teach  a  beginner  how  to  investigate  mathematical 
truths,  but  to  perfect  new  methods.  Thus  I  can  understand  that 
you  would  wish  to  try  the  powers  of  the  quaternion  calculus  on  all 
possible  theorems ;  and  the  less  manageable  the  problem  appeared 
by  quaternion  methods,  the  more  anxious  you  would  be  to  make 
the  quaternions  overcome  the  difficulty.  But  when  once  it  has 
been  satisfactorily  ascertained  that  all  manner  of  problems  can  be 
solved  by  quaternions,  it  seems  that  a  writer  on  geometry  gene- 
rally ought  only  to  employ  quaternions  where  the  proof  by  them  is 
simpler  than  by  the  other  methods,  geometry  where  geometry  is 
the  simplest,  and  ordinary  algebra  where  it  affords  the  shortest 
path  to  truth. 

*  I  have  been  led  into  these  remarks,  because  I  think  the  proof 
in  my  Art.  262  is  better  than  that  which  De  Morgan  (from  love  of 
uniformity  and  system)  proposes  to  substitute  for  it.  At  least  you 
will  see  [Higher  Plane  Curves^  p.  137)  how  my  proof  at  once  gives, 
the  corresponding  properties  for  higher  curves. 

'Can  you  oblige  me  with  a  reference  to  your  proof  of  the 
anharmonic  theorem  P  .  . . 

'  Your  book  will  probably  make  the  use  of  your  method  more 
general.  At  present  it  is  a  bow  of  Ulysses,  which  no  one  can  bend 
but  the  owner.' 

Fi^om  Sir  W.  B.  Hamilton  to  Bbv.  George  Salmon,  f.t.c.d. 

[from  a  draft.] 

<  Fihruary  27,  1852. 

'  I  think  you  show  your  usual  good  sense  in  your  remarks  on 
the  propriety  of  not  behig  bigoted  to  any  one  method  in  mathe* 
matios.  For  the  very  reason  you  mention,  I  hope  to  oontinue^ 
applying  quaternions,  from  time  to  time,  to  all  sorts  of  geo- 
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metrical  (and  also  to  some  physical)  problems,  but  should  b& 
very  sorry  to  forget  co-ordinates^  or  not  to  learn  such  abridged 
and  powerful  notations  as  you  treat  of,  or  to  lose  the  pleasure  and 
the  profit  of  reading  occasionally  in  their  own  noble  language  the 
writings  of  the  Greek  geometers.  We  may  live  to  see  a  sort  of 
mathematical  glossology  grow  up — a  comparative  anatomy  of  the 
structures  of  several  distinct  systems  of  expression  on  geometrical 
subjects.  It  has  amused  me  to  fancy  sometimes  a  demonstration 
of  ApoUonius  printed  in  one  column  of  a  book ;  a  Cartesian  inves- 
tigation of  the  same  theorem  in  another  column ;  one  on  the  plan 
you  favour  in  a  third ;  and  a  quaternion  calculation  in  a  fourth. 

'  I  have  been  so  hard  at  work  in  winding  up  my  book,  of  which 
I  have  almost  finished  writing  out  an  elaborate  table  of  contents, 
although  9k  few  articles  remain  to  be  added  to  the  text,  that  I  have 
reserved,  not  read,  your  proof  of  the  anharmonic  property.  But  as 
I  understand  De  Morgan's  proof,  I  hope  to  understand  yours  also. 
Mine,  such  as  it  was,  appeared  in  the  Philosophical  Magazine  iot 
October,  1846,  and  in  the  E.  I.  A.  Proceedings  tor  July,  1846.' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Cambek-street,  Camden  TowiTy 
*  February  23,  1852. 

^  I  received  the  new  page  of  contents  as  I  was  examining  the 
old  one.  My  examination  does  not  lead  to  any  fault-finding — for 
I  recover  very  easily  all  I  distinctly  apprehend — and  no  table  of 
contents  can  do  more  for  anybody. 

'  One  point  that  I  wished  very  much  to  gain  will  be  gained  by 
the  table.  Your  man  who  is  too  old  to  learn  new  things,  as  you 
know,  will,  in  nine  cases  out  of  ten,  pronounce  that  the  new  thing 
is  useless,  if  he  can  get  a  chance.  If  the  book  had  been  nowhere 
oondensed  into  a  body  of  distinct  enunciations,  he  would  have  had 
a  chance,  for  he  would  have  given  his  opinion  as  of  a  speculation 
about  which  nobody  could  contradict  him  without  reading  the 
book.  But  he  will  be  a  bolder  man  who  would  pronounce  in  that 
maimer,  when  anyone  who  looks  at  the  contents  can  see  a  syste- 
matized body  of  results.  Every  book  should  be  provided  with 
some  palisade  against  mere  talkers.  And  among  the  mere  talkers^ 
80  far  as  mathematics  are  concerned,  are  to  be  ranked  three  out  of 
four  of  those  who  apply  mathematics  to  physios,  who,  wanting  a 
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tool  onlj,  are  yerj  impatient  of  eyerything  which  is  not  of  direot 
aid  to  the  actual  methods  which  are  in  their  hands.  You  will  find 
the  table  of  contents  a  useful  outwork. 

'  Perhaps  you  will  wonder  what  I  am  talking  about.  But  I 
suspect  the  Irish  to  be  more  given  to  pure  speculation  than  the 
English.  I  have  not  watched  the  Astronomical  and  the  Boyal 
Society  twenty  years  without  being  able  to  support  the  preceding 
thesis.  The  English  savant  is  a  very  practical  animal,  as  he  calls 
himself.  Any  kneading  of  mind  for  the  use  of  future  generations 
he  cannot  see  the  use  of.  There  are  a  few  exceptions  in  the  uni- 
versities— and  but  a  few. 

^  The  materials  of  the  table  of  contents  will  do  very  weU.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

<  Obsebvatort,  FikrvMry  25,  1852. 
'  It  is  really  a  great  satisfaction  to  me  to  receivCi  as  I  have  just 
done,  your  general  approval  of  my  table  of  contents — so  far  as 
you  have  seen  it.  Had  you  objected  to  the  plan  a  fortnight  ago, 
and  suggested  any  special  improvement,  I  should  have  honestly 
set  about  to  act,  if  I  could,  on  the  suggestion ;  but  it  is  now  too 
late,  if  I  am  to  co-operate  with  Charles  Graves  this  year,  as  I  wish 
much  to  do.  A  difficulty  about  the  quantity  of  small  mathematical 
type  required  had  almost  driven  me  to  despair;  but  just  before 
joining,  yesterday,  the  assembly  of  doctors  and  others,  Lord 
Clarendon  included,  who  were  to  dine  in  Trinity  College  (Dublin) 
at  the  grand  banquet,  given  by  the  Provost  and  Senior  Fellows 
(which  really  was  a  splendid  affair),  I  found  a  minute  or  two  to 
oall  at  the  University  Press,  and  arranged  that  the  contents  should 
be  printed  off  in  ha^-sheeta. 

*  Lady  Hamilton  is  starting  to  attend  church  in  Dublin,  and  I 
must  seal  and  sign. 

*  The  dinner  was  the  usual  one  given  at  *'  Commencements," 
but  on  an  unusual  scale.' 

Ham  the  Same  to  the  Samb. 

*  Observatort,  March  15,  1852. 

'The  three  books  have  reached  me,  and  are  very  welcome. 
Something  for  you  very  soon.  Meantime  let  me  just  ask  is  that 
<»pital  word  ''  eliminant "  your  invention  ?  I  have  lately  been 
printiQg .  .  •  '<  determinants,  or  as  some  prefer  to  call  them,  elimi- 
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Hants .  .  ."    Of  oourse  this  cannot  be  mistaken  as  claiming  any 
merit  for  you,  but  ought  I  to  name  you,  or  rather  might  I  dosoP  '^ 

From  Hie  Samb  to  the  Samb. 

*  Obsbbtatobt,  April  2,  1862. 

'  I  did  SO  flood  70a  with  letters  and  papers  for  awhile  that  I 
should  not  be  surprised  if  you  supposed  me  to  be  dead  or  ilL 
Howevery  such  is  not  the  case.    I  made,  to  my  own  surprise,  a 
speech  on  Monday  last,  in  honour  of  the  poet  Moore,  and  attended 
a  private  concert  (with  some  '^  dear  500  friends  ")  at  the  Castle  in 
the  evening.    It  was  chiefly  sacred  music,  and  was  understood  to 
be  given  for  the  sake  of  clergymen  and  others,  who  scruple  (which 
I  do  not)  the  being  present  at  a  ball.    To  me,  who  am  old  enough 
to  remember  when  Moore's  poetry  was  thought  to  have  somewhat, 
or  indeed  a  great  deal,  of  a  rebellious  tone,  it  was  striking,  and 
almost  amusing,  to  hear  the  final  ^*  God  save  the  Queen  "  immedi- 
ately preceded  by  a 'melody  of  Moore's,  which  lamented  that  the 
emerald  gem  of  the  western  world  had  been  {an/z  centuries  ago)  set 
in  the  crown  of  a  stranger.    But  I  had  the  honour  of  being  invited^ 
in  the  summer  of  1849,  to  meet  the  Queen  and  Prince,  at  Lord 
Clarendon's  Yiceregal  Lodge,  in  the  Phoenix  Park,  near  tiiis  place, 
and  a  brilliant  meeting  (for  Dublin)  it  was — combining,  as  struck 
me  at  the  time,  the  attractions  of  a  Musical  Soiree,  a  Conversazione 
{eoito  voc€)j  a  Court  (for  there  were  numerous  presentations),  and 
a  supper.    Well,  on  that  occasion,  the  chief  enjoyment,  and  the 
chief  part  of  even  the  pomp,  consisted  in  the  singing  and  the 
pianoforte  performance  of  sundry  melodies  of  Moore.    So  we  have 
her  Majesty's  permission  to  admire  them;  and,  seriously,  they 
are  not  in  the  least  likely  to  produce  any  rebellion  against  her.' 

lyom  the  Samb  to  the  Same. 

<  Obsebtatobt,  April  15,  1852. 

'  I  owe  an  apology  to  Mrs.  De  Morgan,  for  not  thanking  her 
sooner,  through  you,  for  her  little  Paper  on  Mesmerism  in  con- 
nexion with  the  treatment  of  insanity.  Will  you  now  present  my 
thanks,  and  please  to  add  that  I  do  not  forget  my  promise  to  send 
some  other  infantine  verses. 

*  ['  The  name  **  eliminant "  was  introduced,  I  think,  by  Professor  De  Morgan.^ 
Salmon's  Higher  Algehra,  fourth  edition :  Dublin,  1885.    Note^,  p.  342.] 
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*  Ab  you  suspect,  I  know  very  little  about  mesmerism,  but  am 
so  tax  from  being  a  sceptic  or  scoffer,  that  I  have  acted,  in  some 
degree,  the  part  of  a  propagandist,  and  received  some  good- 
natured  pity,  as  such,  from  Miss  Edgeworth,  and  even  from 
Herschel.  Not  that  I  ever  witnessed  a  single  experiment  in 
mesmerism.  A  squarer  of  the  circle  said  to  me,  long  ago,  about 
some  three  lines  which  he  had  made  very  neatly  to  meet  in  one 
point,  but  about  whose  co-punctuality  I  was  dubious,  "  Won*t  you 
believe  your  own  eyes  P  " — Not  a  bit  of  me.  They  have  been  too 
often  suborned,  or  deceived,  by  Christmas  conjurers  for  me  to 
place  that  sort  of  faith  in  them.  Even  in  what  is  more  strictly, 
or  more  commonly,  called  science^  my  faith  in  conical  refraction  as 
sifact  (somewhat  impudently  denied  by  Mr.  Moore),  rests /ar  more 
on  Lloyd's  testimony ^  than  on  the  experiments  of  which  I  was  an 
eye-witness.  But  I  do  pretend  to  some  insight  into  veracity  of 
character,  and  cannot  disbelieve  all  that  I  have  heard  attested  about 
mesmerism.  So  far  as  catalepsy  and  somnambulism,  my  faith  has 
stretched ;  but,  as  yet,  the  marvels  of  clairvoyance  are  beyond  its 
reach ;  although  I  have  read,  with  great  interest,  and  a  profound 
disbelief,  Dumas'  "M^moires  d'lm  Medecin."  Did  I  ever  tell  you 
that  Lord  Clarendon,  one  day  that  the  late  Marchioness  of  Lans- 
downe  was  sitting  between  him  and  me  at  dinner,  and  that  I 
happened  to  be  able  to  supply  the  names  of  some  French  novels 
("Consuelo"  and  others),  which  she  had  forgotten,  turned  round 
upon,  and  looking  through  and  through  me  with  his  piercing  eyes, 
exclaimed,  "  Ah !  Sir  William  Hamilton,  when  you  get  by  yourself 
in  that  Observatory  you  read  something  else  besides  Astronomy ! " 
I  am  so  little  of  a  courtier  that  I  have  not  yet  written  my  name  in 
their  Excellencies'  books,  since  my  being  a  guest  of  theirs  rather 
more  than  a  fortnight  ago.  Babba^e  would  have  done  it  next  day. 
Yet  I  enjoy  seeing  a  Court  now  and  then,  were  it  only  to  value 
the  more  my  retirement.' 

From  A.  De  Morgan  to  Sir  W.  K.  Hamilton. 

*  7,  Camdbn-strket,  Camdek  Towk, 
'April  15,  1852. 

*  Where  are  you  now  in  your  printing,   and  when  do  you 
come  out  P 

'Get  and  read,  by  due  snatches,  the  History  of  Physical 
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Astronomy^  by  Bobert  Grant,  just  appeared.  I  assure  you,  you 
will  find  it  an  extraordinary  book  for  a  man  quite  unknown  to 
bring  out.  But  Robert  Grant  has  looked  for  both  mathematics 
and  history  in  original  sources.  I  have  had  a  long  conversation 
with  the  author — ^he  owes  his  opportunities  to  having  been  dis- 
abled ten  years  by  a  fall.  He  is  a  man  of  business — ^with  no 
means-^and  the  author  of  the  first  complete  history  of  the  theory 
of  gravitation  is  helping  his  brothers  in  a  parasol  business  until  he 
can  get  a  clerk's  place  for  himself. 

^  Looking  up  points  of  history  about  the  differential  calculus,  I 
came  to  the  following,  which  is  rather  amusing  : — 

*  Laplace — who  stands  out  for  it  that  Format  was  the  inventor 
of  the  differential  calculus-— explicitly  states  that  he  had  applied 
his  method  to  the  determination  of  points  of  contrary  flexure  and 
to  transcendental  curves.  On  looking  at  Format's  tract  on  max- 
ima and  minima,  I  see  that  at  the  end  are  two  diagrams ;  1,  a 
conchoid  with  a  tangent  drawn  near  the  point  of  contrary  flexure ; 
2,  a  cycloid. 

Format  applies  his  method  to  neither — nor  does  he  mention  the 
contrary  flexure  of  the  conchoid.  I  conjecture  that  Laplace  took 
the  report  of  someone  who  looked  at  the  pictures  only,  and  did  not 
read  the  text  which  accompanies  them,  and  who  took  the  flexure 
for  granted  because  the  tangent  comes  near  the  point  of  contrary 
flexure.    Is  it  possible  Laplace  had  done  this  himself  P ' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

<  Obsbryatory,  April  16,  1862. 

^  I  am  growing  savage  !  Southey,  with  whom  I  once  slid  down 
a  part  of  Skiddaw,  and  who  read  to  me  half  a  book  of  his  hexa- 
meter poem,  the  "Vision  of  Judgment" — and  very  well,  I  thought, 
he  read  it — ^told  me  that  he  considered  a  proof-sheet  to  be  one  of 
the  pleasures  of  life.  I  quite  agree  with  him.  Judge,  then,  of  my 
wrath,  at  finding  that  the  postman  has  again  brought  me  nothing 
from  my  printers !  Since  Saturday  last  I  have  been  in  this  state 
of  starvation.  And  what  makes  it  more  provoking  is,  that  the 
rascals  sent  me  word  that  they  could  afford  no  Easter  holidays; 
and  I  have  in  consequence  deprived  my  little  daughter  (Helen) 
and  myself  of  the  pleasure  of  a  visit  to  a  cousin  of  mine  at  Trim, 
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Miss  Hamilton,  who  learned  on  mj  lap,  when  an  infant,  some- 
lessons  in  Sanscrit  and  Persian — not  to  mention  Qreek,  Latin,  and 
Hebrew,  or  French,  German,  and  Italian,  and  all  things  proper 
for  an  infant  prodigy  ;  the  truly  prodigious  point  being  that  th» 
said  cousin  has  grown  up  a  most  sensible,  quiet,  and  prudent 
girl,  or  young  woman. 

^ April  17,  1852. — This  morning  came  a  new  slip  from  my 
printers,  bringing  the  work  near  to  the  end  of  the  35th  sheet  (560 
pages).  About  eleven  pages,  at  the  end^  are  actually  in  type,  and 
a  woodcut  representing  the  focal  hyperbola ;  but  I  have  found  it 
difficult  to  resist  the  temptation  of  throwing  in  some  intermediate 
articles  on  other  subjects.  No  doubt  this  last  lecture  will  be  a 
terribly  long  one,  and  may  seem  too  discursive  or  digressive ;  but 
I  claim  to  have  had  a  plan,  and  while  sensible  of  heaps  of  faults 
in  style,  &c.,  am  approaching  fast  to  the  accomplishment  of  the 
object  that  I  had  proposed  to  myself. 

*  Whether  I  can  do  more  than  lend  you  the  enclosed  paper^ 
containing  selections  from  some  of  my  mathematical  ezaminatioii 
papers  in  T.  G.  D.,  for  the  last  three  years,  and  designed  to  ex* 
emplify  the  connexion  between  Quaternions  and  Variations,  I  am 
not  yet  certain.   But  I  shall  try  to  procure  a  few  copies  for  friends. 

'  As  to  Sanscrit  and  Persian,  I  do  not  pretend  to  read  them 
now ;  but  my  childish  acquaintance  with  various  languages  may, 
as  I  have  often  since  thought,  have  assisted  me  in  my  maturer 
study  of  mathematical  symbols,  and  even  in  my  attempts  to 
enlarge  the  limits  of  mathematical  expression.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Camden-strsbi,  Caicdsn  Towir, 
'April  16, 1852. 

*  Yours  received  before  mine  was  sent.  Some  of  these  days  I 
will  send  you  a  simple  narration  of  fact — without  any  theory 
attached — on  the  subject  of  clairvoyance — and  you  shall  put  the 
theory  of  probabilities  to  Tjrork  to  make  a  string  of  coincidences 
of  it. 

*As  to  my  eyes — or  eye — I  don't  believe  them  (it)  much — never 
had  much  reason.    But  my  means  of  judging  of  clairvoyan< 
whatever  it  is — were  direct,  immediate,  and  personal. 
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'  The  following  good  notion  of  fluxions — and  of  infinites  having 
other  ratio  than  equality — ^is  from  a  bishop  who  died  in  1382 — 
(not  1832)  :— 

<  ^  In  every  semioirole,  the  intension  of  the  breadth  [ordinate] 
begins  from  the  utmost  degree  of  velooity>  and  terminates  at  the 
utmost  degree  of  tardity  in  the  middle  of  the  arc ;  the  remission 
begins  from  the  same  middle  point  with  the  utmost  degree  of 
tardity,  and  terminates  with  the  highest  degree  of  velocity.  But 
lest  anyone  should  babble  about  this,  I  understand  utmost  velocity 
as  in  respect  of  any  other  which  does  not  appertain  to  the  same 
kind  of  figure ;  for  I  do  not  deny  that  one  semicircle  begins  with 
a  greater  velocity  than  another." —  (Nic.  Oresmius,  Episcop.  Lezo- 


.: :-\  rr  :^ v  J.- .-. 


For  letters  which  ought  to  have  followed  that  of  April  16, 
1852,  the  reader  is  requested  to  turn  to  p.  623,  infra. 


"  Life  of  Sir  William  R.  Hamilton/' 
Vol.  in.,  pp.  35a,  3531. 


try  and  its  algebra  P  Your  school  is  too  much  tending  towards 
curves  and  surfaces  and  nothing  else ;  for  which  you  and  your 
pupils  will  in  the  next  world  be  turned  into  long  thin  snakes,  with 
an  intuitive  apprehension  of  the  equation  of  the  curve  you  happen 
to  be  in  for  the  time  being — and  this  for  ever.  Tou  will  twist 
about  to  try  to  get  your  own  equation  out  of  your  head,  were  it 
but  for  a  moment,  without  any  success.  You  will  be  separated 
into  branches  united  by  one  consciousness,  that  is*,  by  the  feeling 
that  there  is  but  one  equation  to  both ;  for  your  personal  identity 
will  be  the  consciousness  of  having  an  equation.  Think  of  this 
while  there  is  yet  time  for  repentance.' 


VOL.  III.  2  A 
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Firam  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsbbtatobt,  Mat/  3, 1852. 

'You  are  an  authority  on  the  subjeot  oi functions;  but  I  have 
no  need  to  exhibit  deference  in  the  present  ease,  for  I  feel  the  force 
of  your  reasoning.  I  had  not  the  least  hope  of  mj  own  ever 
discovering  even  one  value  of  (^  +^)^  where  ^  and  ^  are  arbitrary 
functional  signs ;  nor  indeed  do  I  see  any  prospect  of  interpreting 
usefully  log.i  or  sin  ^  in  every  one  of  the  many  ways  which  may 
be  imagined  to  exist.  But  quaternions,  you  know,  are  not  en- 
tirely arbitrary  operators.  Besides  their  distributive  and  associative 
properties  as  multipliers,  they  have  this  in  common  with  the  old 
imaginaries,  that  each  is  accompanied  with  a  conjugate^  such  that 
the  sum  and  product  of  the  two  are  what  I  call  scalarSj  and  are 
subject  as  such  to  all  the  old  and  usual  rules. 

[He  then  determines  the  differential  of  the  square  root  of  a 
quaternion  as  a  case  of  the  solution  of  a  linear  equation  (the 
work  is  to  be  found  in  Lectures  on  Quaternions^  p.  628 .  •  •  §§  631 
. . .  635),  and  concludes  with  a  sketch  of  the  subject  of  §§  603  •  . . 
605  in  the  same  volume.] 

'  At  last  I  make  up  your  Walker,  and  remain,'  &c. 

From  the  Same  to  the  Same. 

*  Observaiort,  May  5,  1B52. 

'  Thank  you  for  remembering  my  wish  that  you  should  return 
me  the  little  paper  of  questions.  I  was  not  sure  of  procuring  any 
other  copies,  but  have  since  been  promised  some  (on  paying  for 
them,  as  I  suppose). 

'  I  am  glad  to  have  the  opportunity  of  saying  a  word  or  two 
about  one  of  those  questions,  and  that  old  plague,  priority.  No 
one  can  well  imagine,  on  looking  over  the  printed  paper,  that  I 
claim  anything  for  myself,  except  the  quaternion  analysis  employed. 
Quite  lately,  as  part  of  the  new  matter  which  I  cannot  resist  the 
temptation  of  adding  to  my  Lectures,  in  consequence  of  the  delay 
of  publication,  occasioned  by  what,  for  the  honour  of  this  TJniver- 
sity,  I  should  be  ashamed  to  plead  to  the  public — ^a  want  of  proper 
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type  for  the  Contents — I  have  written  out,  with  some  slight  com- 
ment, the  substanoe  of  those  questions,  to  exemplify  the  *'  Calculus 
of  Variations  in  Quaternions."  Now,  on  looking  over  portions 
of  your  Differential  and  Integral  Calculm  yesterday,  partly  to 
verify  and  profit  by  your  recent  reference,  I  lit  on  page  443,  where 
not  merely  the  results  are  given,  for  a  shortest  line  on  a  surface  of 
revolution,  but  the  same  mechanical  verification  (or  explanation) 
assigned  which  had  occurred  to  myself.  I  have  accordingly 
pencilled  the  following  memorandum,  which  I  will  or  will  not 
insert,  exactly  as  you  choose,  when  the  proof  slips  come  to  hand : 
'^  A  similar  remark  is  made  by  Professor  De  Morgan,  in  his  Diffe- 
rential and  Integral  CeJculus."  For  my  own  part,  I  cannot  say 
that  I  like  to  be,  on  all  occasions,  "  mentioned."  I  was  not  pleased 
at  Bronwin's  citing,  a  few  years  ago,  in  the  Cambridge  and  Dublin 
Joumaly  as  ^*  Hamilton's  Theorem,"  the  very  simple  formula, 

wheieas  I  had  published,  in  1831,  this  much  more  general  one, 

v'/i^(O0=/(l+A)v'W(O0)°- 

If  I  had  not  the  opportimity  of  consulting  yourself,  I  should  think 
it  more  respectful  to  you  to  omit,  on  my  own  responsibility,  the 
above-mentioned  reference  to  your  "Calculus."  But  I  believe 
that  HI  do  print  my  little  "  E  volute  Investigation,"  I  ought  ex- 
pressly to  refer  to  you  the  property  of  the  evolutes  of  curves  on  a 
sphere.  You  are  aware,  for  I  think  that  I  mentioned  it,  that  my 
general  quaternion  formulae  for  evolutes  in  space  are  not  of  very 
recent  growth ;  but  the  application  of  spherical  curves  was  lately 
suggested  by  one  of  your  many  papers. 

*  As  to  variety  of  topics,  you  may  have  noted  that  my  printed 
list  professed  (with  truth)  to  be  merely  a  selection  from  my  questions 
of  the  last  three  years.  There  were  several  other  questions,  about 
definite  integrals,  and  various  other  parts  of  analysis,  which  I  have, 
for  the  present,  suppressed.  I  am  only  one  of  three  examiners, 
for  Bishop  Law's  Mathematical  Premium,  and  do  therefore  the 
less  injustice  if  I  take  occasionally  a  peculiar  line.  And  you  must 
remember  that  I  am  at  present  a  Propagandist.  If  I  could  only 
make  you  a  proselyte — to  the  quaternions  of  course  I  Meantime,  I 
am,  &c. 

2A2 
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'  P.  8. — ^As  to  variety  in  mj  Ofm  reading,  I  hope  to  indulge^ 
largely  in  it,  when  my  book  is  off  my  hands.  I  mean,  in  science 
chiefly ;  for,  as  it  is,  I  do  not  quite  neglect  literature.  This  morning,, 
for  example,  finding  myself  a  little  fatigued  with  mathematics,  I 
read,  in  the  open  air,  before  breakfast,  the  whole  text  of  the  second 
volume  of  the  Cur%e  of  Kehatnay  and  some  of  the  notes.  I  was  not 
quite  pleased  to  find,  at  breakfast,  that  both  my  boys  failed  to  inter- 
pret, what  their  young  sister  did  for  them,  on  their  translating  for 
her  the  words,  this  somewhat  cramp  dictum  of  Aristotle,  disbeliever 
in  Birds  of  Paradise,  which  is  quoted  by  Southey  (from  Henry 
More]  in  a  note:  Sn  irrtyvop  fiJvov  oviiv  itniVf  &<nrip  vsvaiKou 
fi6vov  ioTiv  Ix^^C* 

*  My  copy  of  Kehama  has  ix^^c  (in  two  places) ;  but  I  do  not 
remember  meeting  that  form.  Your  books  are  among  those  which 
I  hope  to  attack,  as  a  reader ^  not  as  a  controversialist.  Did  Henry 
Grabb  Eobinson  ever  tell  you  that  I  am  slightly  acquainted  with 
my  Edinburgh  namesake  P  I  was  introduced  to  him,  at  his  own 
wish,  in  1830,  and  took  tea  one  evening  at  his  house.  He  also 
pressed  on  me  a  sort  of  indefinite  loan  of  a  curious  volume  of 
modem  Latin  poetiy,  including  a  long  and  to  us  interesting  poem 
by  Leibnitz.  But  I  have  never  exchanged  with  Sir  W.  H.  even 
the  slightest  written  correspondence.  Had  I  done  so,  I  should 
not  have  felt  easy  in  corresponding  so  freely  with  you.' 

From  A.  De  Morgan  to  Sir  William  Hamilton. 

*  7,  Camden-strset,  Gamdeit  Towv, 
<Jfay6,  1852. 

*  Your  letter  received — also  Walker,  for  which  many  thanks. 
I  see  that  John  Walker  could  think  about  logic  as  well  as  about 
arithmetic. 

*  Neither  Walker  nor  myself  has  any  daam  on  account  of 
merely  incorporating  the  negation  into  the  predicate.  The  change 
implied  in  passing  from  "man  is — not  horse"  to  "man  is  not — 
horse  "  is  as  old  as  Aristotle,  or  nearly.  What  I  believe  I  claim  is 
the  introduction  of  two  new  forms  involving  contraries,  namely — 

"  Some  not  X  is  not  F," 

"  No  not  X  is  not  F," 
which  cannot  be  transformed  into  Aristotelian  assertionB  or  nega* 
lions  about  X  and  F,  meaning,  in  truth : 
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the  first,  ''There  is  which  is  neither  X  nor  F":  the  seoond, 
"**  There  is  nothing  but  is  either  J  or  F." 

'  The  introduction  of  these  and  their  systematization  with  the 
rest  I  have  never  found  anywhere,  before  or  since  I  wrote. 

'  Your  dealing  with  d .  ri  may  be  quite  right.  But  it  is  to  be 
xemembered  that  partial  ihterpretations  may  solve  problems.  We 
^t  on  well  with  the  positive  square  root  before  the  negative  one 
was  known.  liouville  (I  think)  solved  problems  and  explained 
•diffioultieSy  with  fractional  differentials,  based  on 

>So  did  Peacock  in  the  Beportj  based  on 

ef ".  a^     T(n  + 1) 


daf" 


X 


Tn-m 


But  their  two  systems  did  not  agree. 

*  Thursday. — ^Tours  received.  I  would  rather  not  be  cited  for 
v8o  little  a  matter  as  the  revolution  surface  shortest  line.  I  agree 
with  you,  and  rather  dislike  citation  on  small  matters.  You  can 
<x)ver  yourself  by  "  as  has  been  noted,"  if  you  like. 

'  The  theorem 

/ir=/(l  +  A).«^ 

in  the  old  form,  is  Herschel's :  see  Examples  of  Cakulus  ofDiffe^ 
rencea.    You  stand  where  the  separator  of 


k± 


fx-^h^^h  "^  .fx^ 

stands  with  respect  to  Taylor's  theorem.  The  other,  more  general 
•one,  is  yours,  I  have  no  doubt. 

'Citation  leads  to  queer  results  sometimes.  At  the  Lady's 
College  in  Bedford-square  (where  my  daughter  goes)  the  teacher 
•of  mathematics  quoted  me  about  logarithms  in  his  class ;  and  my 
daughter  heard  one  of  the  girls  saying  "  Oh,  I  wish  Mr.  De  Morgan 
had  never  invented  those  logarithms." 

'  Why  should  you  have  felt  uneasy  in  corresponding  with  me 
if  you  had  done  so  with  Sir  W.  Hamilton  P  /  correspond  with  him. 
When  he  sent  me  his  book  (a  few  days  ago)  I  wrote  him  a  letter 
ending  with  the  following  alternative : — "  I  hope  you  will  by .  .  . 
prevent  my  having  recourse  to  the  knife,  and  leave  me  to  cut  you 
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up  witih  the  pen  as  oooaaion  shall  serve."  And  instead  of  binding* 
me  OYer  to  keep  the  peaoe,  he  consented  to  my  stipulation.  The 
matter  was  this:  when  my  ^*  Formal  Logic  "  was  published  I  sent 
him  a  copy  as  his  right,  he  being  replied  to  in  it ;  and  he,  like  a 
petulant  schoolboy,  sent  me  back  the  book,  because  he  was  offended 
with  the  dressing  I  gave  him.  So,  when  he  sent  me  his  book,  in 
a  small  part  of  which  (thirty  pages)  I  am  mauled,  I  gave  him  to 
understand  that  I  had  sent  him  my  book  as  the  right  of  a  person 
attacked,  and  that  I  looked  upon  the  thirty  pages  as  my  right,  and 
that  if  he  did  not  accept  two  works  I  sent  him  (arithmetical  books 
and  abnanacs),  I  should  feel  obliged  to  cut  out  my  rightful  thirty 
pages,  and  return  the  rest.  Fill  up  my  blanks  above  .  . .  with 
^^  accepting  my  cpuscula"  and  you  see  that  it  will  not  read  so 
murderously  as  might  be  thought. 

'  I  cannot  find  IxOog  in  the  dictionary  at  all,  and  doubt  it  being 
a  Gh^ek  word.  I  see  you  trouble  yourself  to  write  accents.  I  find 
scholars  beginning  to  get  rather  sick  of  them,  and  I  hope  to  see 
the  day  when  they  will  disappear,  as  also  the  soft  breathing '.  I 
did  not  even  know  you  knew  Crabb  Bobinson.  He  was  at  my 
house  yesterday  evening— quite  hearty. 

*  As  you  are  doctrinally  with  the  Church  of  England  you  can 
ask  a  question  which,  from  such  a  heretic  as  I  am,  would  be  fiat 
blasphemy. 

The  Greeks,  we  all  know,  fought  about  three  viro<rracr€<c  in  one 

oifaia. 

v7ro<jra<T(c  ov<na. 

substantia  essentia. 

The  Latins  have  made  it  three  personae  in  one  substantia.  What 
proof  is  there  that  vwoaravi^  in  Qreek  ever  mjdBui  persona^  or  oitma 
substantia  ? 

*  The  place  in  Hebrews  where  vwoffram^  is  translated />&r«on  is 
in  xapaicnip  rijc  virooraacfiic*  Now  xapaicrf}/o  never  meant  image  as 
translated :  it  was  a  mark,  particularly  a  graver's  or  sculptor's  mark, 
as  in  a  seal.  Why  is  not  this  *'  the  impress  in  his  substance^^^  instead 
of  the  ^^  express  image  of  his  person  "  P  When  you  meet  with  a 
theologian,  you  may  put  him  to  his  defence. 
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From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

'  Obsbrtatobt,  May  8,  1852. 
^  I  shall,  in  the  first  place,  get  off  my  hands  (with  your  per- 
mission) the  question  you  raise,  about  a  peurt  of  a  verse  near  the 
beginning  of  the  Epistle  to  the  Hebrews.  On  turning  to  a  copy 
of  the  New  Testament  (London,  1850 ;  Taylor,  Walter,  and 
Maberly),  professing  to  contain  Qriesbaoh's  Text,  with  the 
various  readings  of  Mill  and  Scholz,  I  find,  in  the  first  place,  that 
the  text  of  the  passage  (Heb.  1.  3)  is  not  marked  as  doubtful. 
We  have  therefore,  I  suppose,  the  same  Qreek  words  in  view. 
Now,  I  am  well  aware  that  xaQaKrr^p  and  ayakpia  are  not  inter- 
changeable words.  (I  avail  myself  of  your  proposal  to  omit 
accents.)  But  still  I  cannot  think  that  \apwcnip  r»)c  wrotrraoiwQ 
signifies  '^  the  impress  in  his  substance";  even  if  the  words  were  not 
.  here  followed  by  the  pronoun  avrov,  on  the  soft  breathing  of  which, 
as  printed,  I  should  lay  no  stress,  if  it  did  not  appear  to  me  to  be 
contrasted,  by  the  whole  context  of  the  passage,  with  the  ainov 
which  very  shortly  follows  it.  Merely  from  the  Greek,  I  should 
infer  that  the  vioc,  the  kAt)(>oi;ojuoc,  was  the  impression  of  the 
imo^aaiQ  of  the  0£oc  XoXfiaac  ^oic  irorpa<riv.  The  word  \QpaKT\iQ 
is  used,  I  believe,  occasionally,  with  a  genitive,  to  denote  what 
we  might  call  the  characteristic  of  some  thing  or  person.  But 
when  referred,  less  figuratively,  to  the  notion  of  a  stamp,  or  brand, 
or  graver's  impression,  I  imagine  that  xapoicrnp  rcvoc  signifies 
the  stamp  impressed  by^  or  the  one  originally  belonging  to^  rather 
than  that  received  by^  the  person  or  thing  of  which  the  name  is  put 
in  the  genitive ;  or  that  the  ng  is  the  giver,  not  the  receiver,  of 
the  impress.  The  context  in  the  verses  refeired  to  appears  to  me 
decisive  on  this  point,  hsrb,  even  if  my  recollection  should  be 
wrong,  as  it  easily  may  be,  in  what  concerns  the  general  usage  of 
the  word.' 

From  the  Same  to  the  Same. 

'  Obsebtatory,  May  8,  1852. 

^  Z  wrote  to  you  this  morning  a  note,  of  this  size,  as  to  sheet, 
on  xapaicrvyp,  &c.  Whether  I  shall  forward  it  remains  to  be  seen. 
You  woidd  neither  like  it  as  an  agreement  with  your  views,  nor 
dislike  it  as  a  rude  opposition  to  them.    But  I  may  think,  on 
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looking  over  the  note,  that  it  had  too  much  the  air  of  scholarship ; 
whereas  I  cannot  pretend  to  much  more  than  a  liking  for  the  Greek 
language,  and  an  early  and  tolerably  accurate  acquaintance  with  a 
comparatively  mnaU  number  of  Ghreek  writers ;  increased  since  as 
to  extent,  but  doubtless  diminished  as  to  accuracy,  by  subsequent 
pleasurable  but  careless  hours  of  reading. 

^  About  the  Walker's  Logic,  I  think  that  after  my  first  exulta- 
tion, on  getting  in  a  small  Dublin  shop  a  book  which  I  supposed 
you  to  have  sought  for  in  vain,  had  evaporated,  I  wrote  to  yon  to 
mention,  or  confess,  that  I  feared  it  would  not  interest  you  so 
much  as  I  at  first  hoped ;  and  that  I  suspected  the  point  about 
^'not-mastiffs"  was  not  yotir  point.  But  you  must  now  be 
informed,  if  indeed  you  are  not  convinced  of  it  already,  that  I 
have  hitherto  read  your  ^'  Formal  Logic ''  only  as  an  entertaining  book. 
A  story  goes,  that  a  person,  who  read  more  than  he  digested,  once 
told  a  friend  of  his  that  he  had  heard  people  talk  of  "  Euclid," 
and  that  he  was  curious  to  read  the  work.  The  other  lent  him  a 
copy,  and  was  surprised  to  find  the  borrower  return  it  the  next 
day,  with  many  thanks.  ^^  What,  have  you  read  it  f  "  said  the 
lender.  "  Tes,  thank  you,"  replied  the  borrower.  "  Bead  it  f — 
read  Euclid*  through  in  that  short  time  P  "  ^^  Oh,  if  you  mean  the 
A's,  and  B's,  and  C's,  I  skipped  all  thoaeJ^  The  ^'  Quaternions,"  as 
well  as  the  ^'  Formal  Logic,"  may  meet  with  some  readers  of  that 
stamp! 

^  But,  seriously,  I  do  not  despair  of  yet  reading  your  book,  or 
rather  that  book  of  yours,  as  well  as  some  others.  When  your 
**  Algebra  "  reached  me,  I  forthwith  attacked  the  "  Litroduction," 
and  read  it  regularly  through.  (I  was  amused  to  observe  that  my 
son,  William  Edwin,  your  acquaintance,  despised,  or  at  least 
skipped^  the  said  introduction,  as  if  it  could  convey  no  new  infor- 
mation, or  instruction,  or  suggestion  to  him,  and  went  on,  at  once, 
to  the  First  Chapter ;  so  that,  on  comparing  notes,  he  was  found 


*  Long  ago  I  was  on  a  visit  at  the  same  house,  with  a  most  ladylike,  but  not 
very  intellectual  Englishwoman,  who,  happening  to  hear  some  of  the  party  talk 
one  evening  about  the  obsourity  of  some  parts  of  Coleridge's  '  Aids  to  Beflee- 
tion,'  requested  to  be  allowed  to  take  the  book  to  her  room.  At  breakfast,  the 
next  morning,  she  said  she  had  read  it  through,  and  oould  not  imagine  where 
the  difficulties  lay.  To  be  sure  it  was  summer  time,  and  she  may  have  been  an 
early  riser  I 
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to  be/ar  ahead  of  me !  He  is  no  prodigy,  but  a  good  and  sensible 
and  reasonably  industrious  boy,  and  may  yet  do  very  well.)  I  also 
49pent  a  good  while,  soon  after  reoeiving  them,  in  looking  over,  with 
much  interest,  and  some  amusement,  your  *'  Arithmetical  Books," 
and  "  Book  of  Almanacs " ;  and  was  engaged,  for  two  or  three 
hours  to-day,  in  reading  the  ear  If/  parts  of  your  ^^Differential  and 
Integral  Calculus,"  which  acquire  a  new  interest  to  me  just  now, 
from  my  researches  on  differentials  of  quaternions.  On  that  sub- 
ject (differentialB)  I  must  write  to  you  again/ 

li'om  Hie  Same  to  the  Same. 

<  Obsery^tobt,  May  9,  1862. 

*  I  shall  let  the  note  about  xapaicrriQ  go,  but  have  no  wish  nor 
ability  to  engage  in  any  controversy  about  it.  It  was  in  August, 
1850,  that  I  met  Henry  Crabb  Robinson,  at  Bydal  Mount.  "We 
were  afterwards,  for  a  while,  fellow-travellers  by  railway.  He 
may  remember  reading  to  me,  out  of  my  copy  of  Wordsworth's 
poems,  the  lines  addressed  to  himself.  But  it  is  not  unlikely  that 
lie  may  have  quite  forgotten  that  we  ever  met.  We  had  a  little  talk 
about  Sir  William  Hamilton,  whom  I  had  then  lately  seen. 

*  Did  you  ever  see  the  enclosed  Abstract,  of  date  December, 
1845  P  It  contained  the  extended  form  of  Taylor's  Theorem, 
^which  I  had  already  applied  at  that  time.  Are  you  sure  that  the 
little  theorem, 

is  not  mine  P    Just  glance  at  sections  vii.  and  viii.  of  Herschel's 
JEzamples  again.     I  am  sure  that  he  shall  be  most  welcome  to  the 
xestitution,  if  the  property,  such  as  it  is,  be  his  own. 
^  Is  Herschel  still  at  32,  Harley-street  P ' 

From  A.  De  Morgan  to  Sib  W.  R.  Hamilton. 

*  7,  Gahbsk-stbset,  Camden  Town, 
<  May  10,  1852. 

^As  to  Herschel's  Theorem,  which  you  have  translated  into  the 
'Calculus  of  operations,  without  knowing  what  he  had  done,  look  at 
xny  "  Differential  Calculus,"  pp.  307, 308.  Tour /(I  +  A) .  a?°  gives 
ixis  expansion.    In  one  sense  they  are  different  theorems. 
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'I  don't  remember  seeing  this  particular  Abstraot  of  1845. 
But  it  reminded  me  that  years  ago  jou  forwarded  to  me  a  good 
bundle  of  Abstracts  to  distribute,  witii  instructions,  however,  not 
to  distribute  many  till  I  had  some  further  instructions  from  you. 
These  have  never  arrived.    And  I  have  only  distributed  a  few. 

*  As  to  virooToffcc — ^you  gave  me,  with  brief  interval,  two  infor- 
mations, one  written,  one  printed,  of  your  ^^  Church  of  Englandism,"* 
as  Bentham  calls  it.  So  I  tried  a  pass  with  you,  as  you  gave  me 
the  measure  of  your  sword.  But  I  am  no  lover  of  controversy. 
Bemember,  I  have  no  doubt  whatever  that  ainov  refers  to  0eoc« 
The  question  was,  whether  vTrooraoric  could  be  rendered />^«on.  I 
maintain  it  to  be  a  something  of  his  substance.  Some  of  these 
days  I  will  dilate  on  the  mode  I  intend  to  employ,  when  I  have 
time  and  money,  to  apply  the  theory  of  probabilities  to  the  ques- 
tion whether  the  anonymous  epistle  to  the  Hebrews  was  written 
by  St.  Paul. 

*  When  you  tell  the  story  about  Euclid,  remember  that  the  man 
left  out  the  "  A's,  and  B's,  and  G's,  and  the  pictures  of  scratches 
and  scrawls."  I  once  met  a  man,  no  strong  mathematician,  who 
said  he  read  Airy's  Gravitation  through  on  a  bench  in  the  front  of 
his  house. 

*  When  you  read  my  "  Formal  Logic,"  take  the  Paper  in  the 
Cambridge  Memoirs — the  second  one  first.  It  will  give  you  all  the^ 
pith — and  more.' 

li'om  Sib  W.  B.  Hamilton  to  A.  De  Morgan. 

*  Observatost,  May  12,  1852. 

*/  was  the  aggressor — ^there  is  not  a  doubt  about  it — ^you  could 
not  avoid  paying  me  back  a  little.  Let  me  at  least  plead,  on  the 
score  of  politefiessy  that  I  did  not  intend  firing  off  two  barrels  at 
once.  When  I  picked  up  for  you,  in  December  last,  the  Walker's 
Logic,  first  edition,  which  I  had  never  seen,  nor  indeed  heard  of 
as  an  edition,  before,  and  saw,  in  print,  prefixed,  the  author's  state- 
ment of  his  departure  from  the  Ohurch  of  England,  I  felt  myself 
impelled,  out  of  a  sort  of  honesty,  to  make  a  memorandum  on  the^ 
page,  that  I  did  not  agree  with  him.  But  the  result  was,  that  I  came^ 
to  feel  a  sort  of  delicacy  about  sending  to  you  the  book  at  all,  and 
should  probably  have  tried  to  let  you  forget  it  altogether,  but  for 
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yimr  reminding  me  lately  of  my  promise.  My  answers  to  the 
Boyal  Gommisaioners  were  drawn  up,  after  long  delays,  in 
haste,  ^'Baw  Haste,  half-sister  to  Delay"  (Tennyson),  and  I 
suppose  that  their  only  non-fanlty  element  is  their  veracity. 
Whatever  led  me  to  insert  the  statement  of  my  "Church  of 
Englandism "  in  themy  when  I  sent  you  that  unfinal  copy,  I  was 
merely  thinking  of  the  oircumstanoe,  that  we  were  freely  oommu- 
nioating  for  the  time,  and  that  I  had  received  proof  sheets  from 
you  (of  your  triplets),  as  well  as  ient  you  others.  I  request  you 
therefore  to  believe  that,  in  point  of  f aot,  I  did  not  wiih  to  provoke 
you  into  an  argument,  although  I  grant  that  I  may  very  natu- 
rally have  seemed  to  do  so.  The  subject  is  far  too  grave  for  me  to 
treat  it  lightly ;  nor  do  I  think  that  you  desire  to  treat  it  so.  It 
involves  no  less  than  this : — To  iphom  are  divine  honours  to  be 
paid  f  I  agree  with  you  (as  I  suppose),  in  blaming  the  ordinary 
Boman  Catholics,  especially  the  poorer  ones,  for  worshipping  her,, 
whom  yet  I  agree  with  them  in  calling  the  Blessed  Virgin.  The 
question,  as  respects  myself,  and  the  Church  in  which  I  was  bap- 
tized, and  to  which  I  belong,  amounts  to  this,  at  least :  Are  we 
(the  members  of  that  Church  of  England  and  Ireland)  idolaters^  in 
worshipping  Christ P  in  praying,  not  only  through  but  to  him? 
Hiat  is  the  only  question  which  /  think  important  in  the  matter, 
but  to  which,  partly^  no  doubt,  from  influences  of  education — 
although  as  Uttkj  I  think,  from  influences  of  interest^  as  in  any 
other  human  case — I  answer  without  any  doubt;  asserting  my 
(confessedly  partly  taught)  beliefs  that  we  may  pray  to  Christ ;  and 
that,  of  course,  we  therefore  ought  to  pray  to  him.  You  may,  if 
you  can,  overthrow  the  received,  or  (so-called)  orthodox^  interpreta- 
tion of  the  word  tnrovamcy  aiid  it  will  concern  me  very  little.  You 
may  establish  the  old  doubt  of  the  Pauline  origin  of  the  Epistle  ta 
the  Hebrews.  I  am  not  a  particularly  timid  reader,  and  shall 
read  your  publications,  on  those  as  on  other  subjects,  if  I  have 
access  to  them.  But  I  am  not  very  likely  to  adopt  your  general 
theological  views,  and  have  no  hope  of  your  adopting  mine.  So 
it  only  remains  that  I  should  repeat  my  regret  for  having  exposed 
myself  to  the  charge  of  having  sought  to  draw  you  into  a  contro- 
versy which  was  not  likely  to  be  profitable.  Who  knows  but  that 
ive  may  yet  have  some  useful  controversy  on  some  mathematical 
subject?^ 
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From  Pbofessor  De  Morgan  to  Sib  W.  B.  Hamilton. 

'  7,  CAicsBN-siRxn,  Gamdek  TowiTy 
'May  16,  1852. 

*  Imprimis — slip  92  : — De  Morgan — not  de  Morgan — when  I 
was  at  Cambridge,  I  used  to  get  out  of  my  misery  in  vita  voce  ex- 
aminations sooner  by  M — D  than  I  should  otherwise  have  done, 
by  insisting  on  this  capital  arrangement. 

'  Hersohel  still  lives  in  Harley-street,  as  before.  He  is  some* 
what  of  an  invalid,  but  I  think  is  better. 

^  I  do  not  fix  on  you  an  attempt  to  make  a  controversy.  It 
was  I  who  took  advantage  of  your  profession  of  faith  to  see 
whether  you  had  paid  attention  to  all  the  meaning  of  your  profes- 
sion. But  you  have  subsided  into  general  adherence — ^for  a  mem- 
ber of  the  Church  of  England  who  does  not  care  for  the  meaning 
of  vTTocrroiric  is  a  great  deal  nearer  to  me  than  is  Dr.  Pusey,  for 
instance.  When  I  came  to  think  about  my  M.A.  degree,  I  found 
I  shoiild  be  required  to  declare  that  all  who  dealt  wrongly  with 
substance  and  person  would  perish  everlastingly ;  and  so  I  continue 
B.A. 

^  If  I  were  to  enter  upon  your  modified  question  of  the  worship 
of  Jesus  Christ,  I  should  have  to  ask  whether  you  mean  worship  in 
the  English  of  the  seventeenth  century  or  of  the  nineteenth.  If 
in  the  sense  of  the  man  who  fell  down  and  worshipped  his  master, 
or  of  the  worship  of  the  sciences  which  Baptista  Porta's  trans- 
lator speaks  of,  or  of  the  worship  which  James  I.  declared  to  belong 
(only)  to  gentlemen,  when  he  forbad  them  honour^  (in  an  edict  in 
which  he  rates  justices  of  the  peace  for  allowing  themselves  to  be 
48tyled  your  honour  when  their  proper  title  was  ovlj  your  worship) — 
to  take  the  three  first  instances  I  remember — then  Mahomet  did, 
and  Socrates  would,  worship  Jesus  Christ ;  and  that  worship,  at 
least — runs  from  one  end  of  the  New  Testament  to  the  other.  If 
jou  take  the  modem  sense,  I  should  fall  back  on  the  practice  of 
the  apostles.  I  am  content  to  go  as  far  as  they  did.  N.  B.  these 
alterations  of  meaning  rudely  confuse  minor  distinctions.  The 
worship  of  idols  was  forbidden,  t.  e.  the  minor  mark  of  respect — 
a  fortiori  the  major. 

*  I  first  saw  this  oited  in  one  of  Theodore  Hook's  novels :  he  used  to  rake 
np  such  things. 
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'  The  inclosed  is  a  puzzle  for  your  daughter. 

'We  want  a  name  for  that  collection  of  n'  points,  real  or 
imaginary,  through  which  pass  an  infinite  number  of  curves  of  tho 
n'^  degree.  Is  not  a  porwnatic  system  the  proper  name  P  Given 
n'  points,  to  pass  a  curve  of  the  n*^  degree  through  them.  Q-ene- 
rally  impossible — in  certain  cases  one  system — sometimes  itco^  but 
then  an  infinite  number.  This  last  is  precisely  the  Gbreek  porism 
— to  the  best  of  our  knowledge  of  it. 

'  I  am  now  going  to  turn  my  attention  to  writing  an  article  on 
the  case  of  my  friend  libri — a  man  whose  persecution  will  be  the 
great  blot  of  French  science  for  many  a  day.  The  means  which 
have  been  taken  to  stifle  all  discussion  of  the  case  in  France  will 
give  it,  I  hope,  all  the  more  ourrenoy  in  the  rest  of  Europe.' 

From  the  Same  to  the  Same. 

'  7,  Cauden-stbeet,  Cauden  Towir, 
'May  21,  1852. 

*  Received,  among  other  things,  your  scrap*  declaring  that  y^ri 
is  of  multiple  interpretation.  I  talk  so  little  to  mathematicians 
that  I  really  do  not  know  what  they  think  about  controverted 
points.  With  the  exception  of  libri,  I  have  not,  since  our  cor- 
respondence on  quaternions  began,  spoken  so  many  words  to  a  ma- 
thematician on  mathematics  as  I  have  written  to  you — nor  to  all 
mathematicians — they  are  few  and  far  between — and  I  have  no  timo 
to  cultivate  their  society.  I  should  have  said.  Is  it  possible  any- 
body can  hesitate  about  this  multiplicity  P  For  example,  there  is 
an  infinite  number  of  interpretations  deducible  from  mere  double 
algebra.  Let  a  certain  plane  (A)  be  that  of  ordinary  double 
algebra ;  and  let  another  plane  (B)  be  that,  say,  of  transference. 
Liet  eveiy  point  in  space  determine  a  curve ;  that  is,  let  the  point 
(a,  by  c)  determine  the  curve 

X  =  <P  {Vy  Cty  by  C)y 
y^\P(Vy  fl,  by  C)y 
Z^X{^9    «J    f>f    0)y 

— say  the  curve  of  transference  (projection).  Let  a  point  in  A  have 
a  corresponding  point  in  By  determined  by  the  curve  of  trans- 
ference through  A*    Then  algebra  interpreted  in  A  by  double 

*  [This  Borap  is  missing. — R.  P.  O.  j 
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algebra  may  be  interpreted  in  £  bj  the  transferred  or  projected 
lines.  Though  generally  speaking  ^/^\  would  depend  for  its 
meaning  upon  the  point  to  whioh  it  is  referred. 

The  passage  from  anything  to  its  meaning  would  involve  a 
^B^"^  kind  of  operation.  I  remember,  when  I  was  writing  on 
functions,  I  wanted  a  name  for  this  species  of  interrupted  inversion 
^d^~\  and  I  asked  Whewell  for  one.  He  answered  instantly, 
''  a  sandmeh  of  course,"  which  I  thought  ingenious  but  inapplicable ; 
though  the  likening  of  inverse  operations  to  bits  of  bread  and 
butter  turned  contrary  ways  was  a  pretty  analogy. 

'  I  very  much  want  a  short  and  sound  demonstration  of 

IT 


f*  jf^dx 

Jo  r+^ 


n 


m(m  +  l?) 


Sin 


The  common  one  is  sound  enough,  but  long  and  too  unartistic. 
*  If  for  X  we  write  xP  [p  positive)  we  get 


1. 


paf^^'^'^.dx 


1  +  af' 


of  which  any  percentage  may  be  got  into        by  making  p  large 

enough ;  so  that  (jp =00 )  it  is  an  instantaneous  integral,  and  a  may 
be  infinitely  small.  But  I  do  not  see  any  simplification  in  this — 
and  here  I  leave  it. 

^  I  saw  this  morning,  for  the  first  time,  the  original  publication 
of  Fermat's  method  of  maxima  and  minima,  tangents,  &o.,  in  a 
volume  of  Herigone's  Course  of  Mathematics  (1644).  It  is  another 
instance  of  the  manner  in  which  a  person's  first  ideas  will  smell  of 
his  predecessors  more  than  his  later  ones.  His  increment  [e)  is 
an  absolute  0.  Let  e  -  0,  substitute  a  +  ^  for  a  in  0a,  &c.  This 
was  Kepler's  view.  ^'The  infinitely  small  increment,"  says  he, 
'^^  absolutely  vanishes  at  the  maximum  or  minimum." ' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Mo&gan. 

*  EoTAL  Ibish  AcADEicr,  May  34,  1862. 

'  I  have  just  been  told  that  I  am  likely  to  be  called  on  to  give 
«ome  account  this  evening  of  a  subject  begun  by  me  some  time  ago. 
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Continued  Fractions  in  connexion  with  Quaternions  and  J?tquater- 
nions.  The  title  of  this  subject  was  not  printed  as  part  of  the  bill 
of  fare  for  this  eyening's  meeting,  and  I  came  in  to  Dublin  not  at 
■all  expecting  to  come  on.  It  will  be  well  if  I  can  remember  the 
leading  formulaB,  or  at  least  the  leading  points,  in  time,  especially 
as  I  am  going,  in  half  an  hour,  to  dine  with  the  Academy  Club, 
which  I  do  not  often  do.  So  I  shall  merely  add  at  present,  Ist, 
that  when  I  said  I  was  sure  you  were  right  about  multiplicity  of 
interpretation,  I  was  thinking  rather  of 

dxj 

than  of  ^^T ;  for  I  agree  with  you  that  the  interpretations  of  it 
are  probably  infinite ;  2nd,  that  I  have  read  your  recent  proof  of 

irn        f*    dx 

and  think  it  quite  satisfactory.' 

li'om  the  Same  to  the  Same. 

'  Obsbkyatobt,  May  26,  1851. 

*  Do  you  know  that  I  am  not  sure  that  I  may  not  meet  you 
next  week  at  Greenwich?  For  some  years  past  the  compliment 
has  been  paid  of  inviting  me  to  be  present  at  the  Visitation,  and  to 
dine  (paying,  of  course)  with  the  Visitors  afterwards.  The  annual 
card  arrived  by  post  this  morning,  and  I  am  tickling  my  fancy 
with  the  notion  that  this  time  I  may  act  upon  it.  If  so,  I  suppose, 
we  shall  be  for  an  hour  or  two  together  (on  June  the  5th).  But 
if  so,  I  must  returny  perhaps  that  very  evening,  without  any 
opportunity  of  paying  my  respects  to  any  of  my  acquaintances  in 
liondon.  It  must  be,  as  concerns  myself,  what  the  '^  Herschel 
Dinner"  at  the  Freemasons'  Tavern  was  in  1838,  when  I  just 
went  to  London  for  that  one  purpose  of  attending  it,  and  returned, 
the  purpose  being  accomplished.  'Tis  true  that  I  was  provincial 
enough  to  visit  St.  Paul's,  and  to  climb  into  the  Ball — where  the 
strange  effect  of  the  wind  made  me  think  that  it  was  *'  the  sighing 
of  the  Heart  of  London."  Something  to  that  effect  I  wrote  that 
evening,  on  board  a  steampacket,  to  the  late  Marquis  of  Northamp- 
ton, with  whom  I  was  on  what  might  fairly  be  called  intimate 
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terms :  with  the  present  Marquis  I  am  merely  on  terms  of  a  dis- 
tant dyility.  (He  was  not  at  Oastle  Ashbj  when  Lady  Hamilton 
and  I  made  our  visit  to  his  father  there,  in  the  autumn  of  1838). 
But  about  the  ''sighing" — am  I  to  quarrel  with  Dickens,  or 
Diokens  with  me,  because  he  printed  almost  the  same  image  or 
figure  in  one  of  his  publications  of  a  later  date  P  Where  is  this 
priority  business  to  end  P  I  am  as  sick  of  it  as  you  can  be ;  but 
still,  in  anything  important  as  regards  science,  I  should  take  it  afr 
a  favour  to  be  warned^  if  I  were  inadvertently  exposiug  myself  to 
the  charge  of  plagiarising.  As  to  verse-writing,  I  remember 
copying  for  Lady  Bosse,  in  1848,  a  sonnet,  such  as  it  was,  which 
I  had  composed  by  starlight  in  the  highest  galleiy  of  the  great 
telescope  at  Farsonstown ;  and  noting  that  one  Line  resembled  some^ 
verse  of  a  living  poet,  to  which  I  was,  just  then,  unable  to  refer* 
The  only  tolerable  part  of  my  sonnet  was  the  conclusion,  namely, 

''  PurBtdng  still  its  old  Homerio  march, 

Northward,  beneath  the  pole  slow  wheeled  the  Bear ; 
Bose  overhead  the  vast  Qalactic  arch ; 

Eastward  the  Pleiads,  with  their  tangled  hair ; 
Gleamed,  to  the  West,  far  seen,  the  lake  below, 
And  through  the  trees  was  heard  the  river's  flow." 

^  Now,  as  to  the  ^'  tangled  hair"  of  the  Pleiads,  I  cannot  swear 
that  this  may  not  have  been,  in  some  dim  and  half-conscious  way, 
suggested  by  the  "  Locksley  HaU  "  of  Alfred  Tennyson,  at  the 
time  forgotten  by  me.  He  has,  if  I  i^ow  remember — for  I  won't 
stir  to  look  for  the  book — something  like  this : 

'*  Glittered  like  a  swarm  of  fireflies  tangled  in  a  silver  braid." 

*  Shall  I  dash  boldly,  before  I  stop,  into  some  new  verses  of  my 
own  P  They  are  certainly  not  worth  offering  to  Mrs.  De  Morgan,, 
for  whom,  without  prejudice  to  her  title  to  receive,  whenever  I  can 
recover  them,  some  more  of  my  old  hahy  lines,  I  am  about  to  copy 
a  couple  of  sonnets  of  my  own ;  and  to  whom  I  request  you  to 
present  them.  The%e  are  for  your  own  amusement,  and  are  now  to 
be  written  from  a  remembrance  of  what  I  extemporised,  between 
the  acts  of  shaving  yesterday,  for  the  entertainment  of  a  brother 
rhymester, .  .  . 

*  The  verses,  theo,  that  I  thus  dashed  off,  on  the  spur  of  th& 
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first  jingle  between  the  sounds  of  splashing  and  maahingj  were  an 
aoooxmt,  for  the  said  brother  versifier,  of  a  dinner  of  the  Boyal 
Irish  Academy  dub,  on  Monday  last  (the  Queen's  birthday)  while 
a  fiag  was  fiying,  in  honour  of  that  day  (May  24) ,  from  the  top 
of  Nelson's  Pillar ;  and  they  were  these — if  I  can  remember  them 
rightly : — 

'  I  helped  the  soup  without  any  splashing, 
Also  the  salmon  without  much  mashing  ; 
Cut  up  the  fowls  in  morsels  nice, 
And  served  ahout  the  melting  ice ; 
And,  seeking  everj  taste  to  please. 
Scooped  out  the  ripe  and  rotten  cheese. 
Then,  rising  from  the  Chairman's  seat — 
But  first  our  Dean  had  hlessed  the  meat, 
And  in  our  names  due  thanks  had  given 
For  all  the  boons  of  gracious  heayen — 
I  called  on  all  the  social  Board 
Their  hearts  and  yoioes  to  afford. 
With  loyal  and  with  glad  acclaim 
To  welcome  a  majestic  name ; 
And,  on  our  sovereign's  natal  day, 
In  cordial,  earnest,  toast  to  say : 
Long  he  her  years,  bright  and  serene ! 
Victoria's  health !  God  bless  the  dueen ' ! 

*  That  the  decanters  did  not  circulate  too  f ast,  nor  too  often, 
may  perhaps  be  inferred,  in  my  case,  from  the  circumstance  that  I 
was  called  on,  that  eyening,  with  scarcely  any  notice,  and  spoke 
for  about  an  hour  respecting  the  jS/quatemions,  receiying  all  sorts 
of  compliments  afterwards  from  the  President  (Dr.  Bobinson) 
and  the  Academy.  Seriously,  they  open  a  new  world  of  difficulty, 
for  some  future  Alexander  to  conquer.  It  is  honour  enough  for 
me  to  haye  indicated  the  direction. 

'  I  must  tell  you  that  my  daughter  behayed  yery  well  yesterday 
— ^though,  just  before  the  operation,  she  whispered  to  me  that  she 
should  like  to  be  put  asleep.  She  had  been  giyen  her  choice.  You 
would  have  mesmerized  her ;  I  was  content  with  chloroform,  and 
the  dose  giyen  was  not  enough  to  prevent  her  from  having  a 
sort  of  dreamlike  consciousness.  She  is  doing  very  well.  My 
cousin  Hutton  is  a  skilful  surgeon. 

'  I  foalked  out  from  Dublin,  after  the  evening  meeting — ^more 
than  five  miles.    The  night  was  fine.' 
VOL.  III.  2  B 
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Frcm  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Caxden-stbeet,  Cambsv  Towf, 
'May  27,  1852. 

*  I  shall  not  be  at  the  Greenwioh  dinnery  which  I  shall  much 
regret,  if  you  are  to  be  there.  My  lectures  are  so^  late  that  I  can* 
not  undertake  to  be  there.  And  in  truth  there  I  have  never  been, 
nor  ever  was  I  at  a  meeting  of  the  Boyal  Society,  nor  at  the 
British  Association.  In  fact,  I  am  the  most  ungregarious  animal 
living. 

*  My  wife  will  be  much  obliged  to  you  for  the  verses,  whioh 
are  very  pretty,  and  I  say  ditto  for  the  dinner  rhymes.  But  you 
cannot  keep  to  Dean  Swift's  vein,  you  walk  out  of  it  into  loyalty,  &c., 
and  it  was  a  mercy  you  did  not  amble  into  sonnet  metre,  and  give 
one  the  idea  of  an  inversion  of  ''  desinat  in  piscem  mulier  formosa 
supeme  "  ;  setting  out  with  Swift's  head  and  shoulders,  and  end- 
ing with  the  feet  of  one  of  the  Muses. 

^  I  am  very  glad  your  daughter  is  out  of  it  [a  slight  operation 
near  the  eye],  I  hope  for  good  and  all.  Where  chloroform  can  be 
ventured  upon,  it  is  more  speedy  than  mesmerism,  which  requires 
some  previous  trials.  There  is  a  kind  of  consciousness  left  by  both, 
very  often.  The  first  man  operated  upon  (amputation  of  the  leg) 
by  mesmerism  in  England  said  ''he  felt  a  crunching^* — ^it  was  the 
saw  ! — "  but  it  did  not  hurt."  * 

From  the  Same  to  the  Same. 

<  7,  Cajidsk-strsst,  Gamdbn  Towir, 
<j|fay31,  1862. 

*Tou  get  your  answer  by  return  of  post — for  this  is  Whit 
Monday,  and  here  I  sit — ^holiday-making,  literally  puzzling  myself 
— or  rather  having  puzzled  myself — ^with  the  following  question, 
for  two  minutes,  by  mere  f orgetfiilness  of  geometrical  extension : — 
'  How  is  the  end  of  the  shadow  of  this  pole*  to  be  determined  P 
'  On  looking  into  several  books  of  perspective,  I  see  that  they 
take  care  not  to  mention  the  case — always  having  the  sun  high 
enough  to  avoid  it. 

*  How  does  your  daughter  get  on  P ' 

*  [The  shadow  of  a  high  pole  cast  by  the  setting  sun.] 
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From  Sir  W.  B.  Hamilton  to  A.  Db  Moroak. 

(  Obsbrtatobt,  Jum  2,  1852. 

^ .  .  •  Herschel  wrote  me  a  very  kind  letter  lately,  saying  that 
lie  was  %o  glad  to  see  the  "  Contents,"  as  a  token  of  approaohing 
publication^  and  reminding  me  of  the  shortness  of  life.  I  efo  re- 
member that;  but  so  possible  is  it  to  apply  a  motive  in  two  ways, 
that  the  remembrance  makes  me  all  the  more  anxious  to  bring  out 
$iou>  what  I  hope  (you  will  smile)  to  publish  this  very  month,  as  full 
an  account  as  other  claims  on  my  time  will  allow  of  the  state  to 
which  the  quaternion  calculus  has  been  ab*eady  brought. 

'  This  morning  I  rose  about  six  ;  took  some  tea  standing,  for  I 
was  too  busy  to  sit  down ;  deciphered  some  half -effaced  characters, 
which  I  had  chalked  upon  a  blackboard,  as  lecturing  myself,  a 
few  months  ago,  on  the  subject  of  a  new  sort  of  variations  of  defi- 
nite integrals  (in  quaternions,  you  understand),  not  depending  on 
any  infiniteness  of  tliQ  function  between  the  given  limits  ofintegration^ 
and  therefore  not  anticipated,  so  far  as  I  yet  see,  by  Gauchy.  Vide 
your  Calculus,  or  his  Memoir,  perhaps  a  rare  one,  on  definite 
integrals  between  imaginary  limits  (Paris,  August,  1825),  which, 
if  you  have  not  got  it,  I  shall  with  pleasure  lend  you,  besides 
returning  your  Mourey — ^but  wish  to  have  both  a  little  longer.  In 
that  Memoir,  at  page  57,  Cauchy  refers  to  a  formula  of  ^'M. 
Ghiillaume  libri,  dans  le  tome  28  des  M^moires  de  I'Acad^mie  des 
Sciences  de  Turin."  Is  he  your  illustrious  and  unfortunate  friend  P 
Something,  but  very  little,  too  little,  I  know  of  an  eminent  libri's 
researches,  for  instance,  respecting  linear  differential  equations ; 
but  have  none  of  them  at  hand  to  refer  to. 

'To  descend  to  myself,  I  went  after  the  lately  mentioned 
•deciphering,  and  after  getting  something  copied  for  me,  on  my 
•car  to  Dublin,  with  my  eldest  boy,  procured  cap,  gown,  and  band 
at  the  place  where  such  things  are  kept  for  me  near  the  College ; 
arrived  at  the  large  and  handsome  haU,  or  theatre,  devoted  to 
examinations,  elections,  &c.,  and  in  which  the  new  Provost  and 
•other  members  of  the  Senior  Board  were  assembled,  for  publicly 
conducting  the  usual  Fellowship  Examination ;  proceeded  to  the 
seat  in  the  inner  circus,  which  Brinkley  used  to  occupy,  and  to 
which  I  had  successfully  vindicated  my  claim,  by  the  single  pro- 
•oess  of  staying  away,  when,  about  twenty  years  or  a  few  more  ago, 

2B2 
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ProTost  [BartholomewJ  Lloyd  (an  excellent  man)  excluded  me 
from  ity  for  a  year  or  two,  on  the  grounds  that  I  was  too  youngs 
and  too  much  at  home  in  this  my  native  University,  not  to  sit 
with  the  Junior  Fellows ;  heard  the  statutes  and  oaths  respecting 
the  election  read  aloud  in  Latin  by  Dr.  Todd,  and  was  amused  by 
his  involuntarily  falling  back  occasionally  into  that  language  after- 
wards, when,  novelty  of  novelties  I  he  proceeded  to  examine  in 
English  on  what  is  here  called  ^^  Logics,"  including  Aristotle, 
Elant,  Hobbes,  Priestley — ^pray  admire  the  chronological  order ! — 
Locke,  Stewart,  Brown,  Beid,  Lord  Monboddo,  and  Sir  William 
Hamilton.  (There  were  others ;  but  I  missed  De  Morgan.)  How 
strauge  it  sounded  to  hear  all  this  discussed  in  the  vernacular ! 
*  Would  M.  Libri  accept  a  copy  of  my  book  when  published  P  * 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Gaxbin-stsbet,  CAicDsir  Town, 
^June^and^^  1852. 

^  Li  your  remarks  upon  the  result  of  substituting  x-^y*/^  for 
or  in  ^  »  0,  and  the  n^-n  supernumeraries,  you  give  a  meaning  to 
^{xy y)^Qi  as  the  equation  of  a  curve,  in  doubh  algebra.  This  I 
conceive  to  be  bringing  the  unciroumcised  into  the  inner  court  of 
the  temple,  for  which  Paul  got  nearly  stoned,  I  think ;  but  we  live 
in  more  quiet  times. 

^  When  X  and  y  are  real,  they  have  no  interpretation,  except 
upon  the  unit  line. 

'A  quantity  of  common  algebra  is  only  quantity.  One  of 
double  algebra  is  both  length  and  position.  Every  determinate 
symbol,  when  it  is  measured  from  a  determinate  point,  symbolizes^ 
a  determinate  point. 

^  Let  us  now  mean  by  small  letters-Klines  on  the  unit  line  ;^ 
and  let  large  letters  be  quite  general. 

'  What  then  is  this  circle  P*    Answer,  the  locus  of 

According  to  conventions,  every  point  here  signified  is  on  the  circle^ 
every  point  not  here  signified  is  not. 

*  [Here  is  inserted  diagram  of  a  circle  with  radius  a,  central  rectangular 
axes,  and  an  ordinate  corresponding  to  an  abscissa  x.] 
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*H  you  like,  on  the  unit  line^  to  take  y^y/a^-a^y  and  then  to 
j^ive  ^/a^-s^  its  quarter-taniy  yon  may. 

But  y=ya*-aj*  [a?»<a*] 

is  only  interpretaUe  in  the  unit  line. 

*  When  cf  >  a',  then 

x-^^a^-a?  .*y^l^  or    ar+^/ic'-a' 

is  all  in  the  unit  line. 

*  Aooordingly,  

is — 1.  [a? < a*].    The  oirole — any  point  in  the  circle 

2.  [«*  >  a'].  Any  point  in  the  unit  line — got  in  one  particu- 
lar way. 

*  Example. — It  is  required  to  divide  2x  (in  the  unit  line)  into 
two  algebraical  parts,  whose  algebraical  product  shall  be  a'  (in  the 
unit  line).  

*  Answer. — x  +  -v/V-a',  and  x  -  y/a^  -  a*. 

'Here  it  is  plain'  [from  consideration  of  the  figures]  *that 
a  problem  has  its  locus  in  the  circle  and  the  unit  line  conjointly  : 

circle  for  ^  <  a, 
unit  line  for  x>a. 

But  now  we  ask  what  does 

represent  P  Answer ^  if  X  be  perfectly  unlimited,  any  point 
whatsoeyer,  but  only  as  obtained  in  one  particular  way,  or  set 
of  ways. 

'  Under  what  restrictions  is  its  locus  the  circle  P  The  question 
here  is,  given  a  curve  and  its  representation,  required  the  co-ordi- 
nate system  under  which  the  given  curve  shall  have  the  given 
representation. 

'Any  expression  may  belong  to  any  curve,  if  the  proper 
<x>-ordination  be  adopted. 

*  In  common  algebra,  length  only  is  represented,  and  position 
understood ;  consequently,  only  permanent  positions  can  be  kept 
in  thought  as  co-ordinate. 


3  74    Correspondence  between  Sir  W.  Rowan  Hamilton  and 

*  But  any  two  lines  which  start  from  the  origin,  and  end  at  a 
given  pointy  may  be  co-ordinates  of  that  point. 

*If  X«a?f*^"',  Y^y^^'^  be  the  co-ordinates  of  a  point,  the- 
system  of  co-ordination  is  defined  by  two  equations : 

These  equations  are,  in  the  common  system, 

which  we  bear  in  mind,  but  not  as  expressed  conditions.  So  in 
plane  geometry,  my  pupils  bear  in  mind,  but  not  expressly,  the 
second  equation  of  all  the  curves,  s  =  0,  that  is,  they  always  keep 
in  the  plane ;  but  when  we  come  to  solid  geometry,  they  always, 
find  it  difficult  to  remember  that  their  curve  in  ^  is  now  expressly 

Let  r,  9  be  the  common  polar  co-ordinates  of  a  point.    Then 

or 

a?  cos  £  +  y  cos  i| »  r  cos  0  "  ^1, 

a?sinS  +  ysini|»rsin9»yi. 

If  ^i-x^i  ^  ^^®  common  equation  of  a  curve,  we  have  then 
three  equations  to  the  curve,  as  we  ought  to  have : 

♦(a?,y,  5,i|)=0,  (1) 

^(^,  y,  S,  n)  -  0,  (2) 

d?sin(  +  ysinif  »x(^^^^^  +  y^B'')'  (3) 

The  common  three  equations  of  a  straight  line  are 

Hence,  given  one  of  the  four,  length  or  direction  of  one  co-ordinate,, 
the  others  are  found. 

'If  X  ^  given  and  ^  and  ^  unknown,  it  is  a  functional 


{ 
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equation  with  two  tmknown  fonotions  to  make  a  given  equation 

w  (^,  y»  5,  If) «  0, 

combined  with  (1)  and  (2),  give  (3),  which  is  the  problem  of  mak- 
ing a  given  equation  represent  a  given  curve. 

'  But  what  do  we  get  when  we  generalize  x  and  £,  &c.  P  Only 
a  covert  way  of  choosing  another  system. 

<  If    aj  =  a?'+  J'^Ii^  Ac.,  our  co-ordinates  are 

and  ^  "  0  ^  »  0  become  four  equations.  But  we  ought  to  have 
six.  If  we  take  six  equations  at  pleasure,  between  J  ^\  &c.y  we 
have  a  seventh  in 

«  sin  S  +  y  sin  If"  x(^  cos  S-i-  ^  cos  11)9 

where  x^  &c.,  are  functions  of  the  eight.  But  this  can  be  reduced 
to  the  first  considered  case — for  the  six  equations  of  co-ordination, 
together  with  the  four  which  express  x^  &c.y  enable  us  to  eliminate 
^  x^'y  &c.,  and  leave  us  two  equations  between  x  y%ri, 

^  What  then,  you  may  ask,  do  you  mean,  in  double  algebra,  by 
the  equation  ^[xty)-0  in  its  most  general  sense  P  I  reply  that, 
first,  you  have  no  right  to  make  real  values  oiy  perpendicular 
to  those  of  Xj  unless  you  expressly  mix  two  systems  of  double 
algebra,  as  D.  F.  Gregory  and  Walton  have  done  in  Cambridge 
Mathematical  Journal^  and  as  I  shall  do  to  a  greater  extent  in  the 
next  number.  These  duplicate  double  algebras  do  good  service  in 
interpretation,  but  do  not  mix  in  one  algebra. 

*  To  interpret,  for  instance — 

or  rather  J'+r»=l. 

First,  X  and  F  being  real,  each  solution  symbolises  a  pair  of  points 
in  the  unit  Une. 

*Next,  X  being  a;'  +  a^'y^i,  and  y  being  y'+y"\/^,  each  such 
solution  qnoibolises  all  the  points  derivable  from 

To  make  this  give  a  curve,  we  must  have  recourse  to  definite  co- 
ordination, as  above  described. 
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*  If  we  want  something  more  like  the  theory  of  caiyes,  we 
must  make  some  hypothesiB  such  as  Ghregoiy  has  made,  e.g.^  Let  y 
be  measured  in  a  plane  perpendicular  to  that  of  x,  its  real  part 
being  the  ^/'^  part  of  x.    Then,  for  the  point  Q, 

'The  equation  ^(X,  T)^  0,  then  belongs  to  a  surface,  and 
;/'(X,  F)  «  0,  to  another.    All  the  intersection  of  the  two  surfaces 

does  not  belong  to  the  system  {  ?  ^  a*  hut  only  those  points  of  it 

which  are  symbolised  by  the  same  co-ordinates.  Thus  the  point  Q 
may  be  on  both  surfaces,  but  may  not  be  the  property  of  both 
equations  for  the  same  co-ordinates — being  on  one  for 

OJf  +  MN^^i  and  NP^PQ.  y/^, 
on  the  other  for 

OM^MNV^  and  ITP  +  PQ.  -/IT. 

*  I  foresee  that  some  of  these  days  partial  solutions  of  equations 
will  be  considered.  For  example,  given  ^(X,  T)  «  0,  \p{Xy  F)  -  0, 
required  the  solutions  of  the  two  equations  which  agree  in  the  real 
parts  of  both,  or  in  the  imaginary  parts,  or  in  the  real  parts  of 
one  and  the  imaginary  parts  of  the  other. 

*  This  gives  complete  interpretation  and  objective  existence  to 
the  mn  points  of  the  intersection  of  two  curves  of  the  m^  and  n*^ 
order — ^which  is  all  that  is  wanted  for  full  investigation  of  the 
various  cases. 

'  Your  aspiration  after  some  new  world  to  conquer  in  double 
algebra  I  cannot  join  in.  I  have  no  objection  to  any  extensions; 
but  when  every  operation  is  actually  explained,  I  have  what  I  want. 
You  tpant  a  geometrical  instrument — well,  you  have  made  one ;  but 
algebra — arithmetic  in  the  widest  sense — is  not  made  for  geometry. 
There  is  a  law  of  thought  to  consider ;  if,  upon  a  preconception  of 
what  we  wish  it  to  do,  we  make  it  an  instrument  for  a  special 
purpose,  we  divert  attention  from  our  main  object,  the  consideration 
of  that  law  of  thought.  I  hold  that  double  algebra  must  remain 
as  the  full  development  of  the  conceptions  of  arithmetic,  so  far  aa 
those  symbols  are  concerned  which  arithmetic  immediately  suggests* 
The  invention  of  other  symbols  is  legitimate. 
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*  The  great  feature  of  the  oomplete  algebra  is  geometry  intro- 
•duoed  for  explanation  of  algebra — not  algebra  adapted  to  geometiy 
— and  the  great  use  of  the  extended  field  of  explanation  is  that  in 
4ilgebra — ^the  science  of  quantity  by  symbols — ^we  reason  throughout. 
I  never  hope  to  see  the  day  when  there  will  not  be  a  science  of 
st/mboh  in  agitation,  in  which  extended  power  of  interpretation  is 
the  thing  we  are  in  quest  of,  but  the  leaves  of  the  ledger  which 
4ire  made  up  are  not,  I  hold,  to  be  reopened,  though  new  accounts 
may  be  opened. 

*  Are  you  sure  that  if  you  were  to  go  on  with  your  bicoupkts 
you  would  not  land  in  quaternions,  which  I  have  always  hoped 
would  turn  out  to  be  the  legitimate  triple  algebra,  or  algebra  of 
space. 

*  I  have  a  clearness,  as  the  quakers  say,  that  double  algebra  is 
in  and  of  a  surfacey  not  necessarily  plane;  that  single  algebra  is  the 
true  linear — double  the  true  areal — and  that  a  real  triple  algebra 
is  to  come.  I  shall  rather  quarrel  with  nature  if  your  quaternions 
with  the  three  rotations  be  not  the  triple  algebra.  This  is  the 
point  I  want  to  investigate. 

'I  did  once  try  a  kind  of  bicouplets.  Seeing  that  a  and  b 
when  understood  go  into  a  +  fty^ri,  where-v/ri  is  a  new  kind  of 
^symbol,  I  thought  the  next  step  would  be  to  imagine 

a  +  b^^  +  (a'  +  b'^^i)  .  A, 

where  k  is  some  new  kind  of  quantity.  But  I  made  nothing  of  it. 
All  the  laws  of  algebra  were  exhausted,  and  there  really  was 
iiothing  for  A;  to  do  that  I  could  give  it. 

*  Now  you  have  tit  for  tat  (what  does  this  phrase  mean  P)  as  to 
•quantity.  And  I  intend  to  set  to  upon  some  old  notions  about 
discontinuity  and  the  principle  of  mean  values. 

^To-day  it  is  making  up  for  the  drought.  It  has  rained 
incessantly  for  eighteen  hours  and  more. 

*  Are  you  much  of  a  politician  at  elections  P  I  never  gave  a 
vote  in  my  life.* 

I^om  Sib  W.  B.  Hamilton  to  Professor  Db  Morgan. 

'  Obsebvatobt,  June  12, 1852. 

*  Thanks  for  your  printed  paper,  and  long  note,  both  of  which 
reached  me  this  morning.    Ten  days  (or  nights)  ago,  I  wrote  to 
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you  a  double-sheeted  note,  but  laid  it  aside  with  the  purpose  of 
adding  to  it,  and  now — not  that  I  pity  you  on  that  account — ^there 
seems  but  a  poor  prospect  of  its  ever  turning  up  again.  For  you 
must  know  that  I  gave  a  sort  of  official  dinner  in  my  libraiy  on 
Wednesday  last,  as  being  then  (for  the  26th  time)  one  of  the 
Examiners  for  Bishop  Law's  Mathematical  Premium,  and  was- 
obliged  to  allow  housemaids  to  use  pretty  freely  their  discretion 
in  clearing  out  the  room.  Orders  were  given,  no  doubt,  to  abstain 
from  destroying  papers;  but  to  all  practical  purposes,  many^ 
indeed  most,  of  those  which  were  lying  about  are  hopelessly 
hidden  from  my  view ;  unless,  indeed,  I  shall  be  roused,  after  my 
book  is  out,  to  ''  take  stock,''  as  tradesmen  call  it,  in  various  ways» 
as  regards  volumes,  manuscripts,  observations,  &c.  The  last  are 
not  my  property ;  but  I  fancy  that  of  my  papers  a  vast  number 
must  be  not  worth  preserving.  Still  whatever  are  preserved  may 
with  advantage  be  classed. 

*  June  14. — I  write  in  the  printing  office,  and  have  not  your 
last  note  beside  me,  which  I  regret,  for  there  was  something  in  it 
that  I  wished  to  answer,  as  indeed  there  have  on  several  occasiona 
been,  when  I  could  not  write  till  it  seemed  too  late.  Let  me  at 
least  mention  that  I  have  just  signed  2  R,  in  which  are  just  intro- 
duced, with  brief  explanations  and  proofs,  some  results  respecting 
that  sort  of  variation  of  a  definite  integral,  arising  from  non* 
oommutativeness  of  multiplication,  in  virtue  of  which  (as  I  think 
I  mentioned  some  months  ago)  we  have,  in  quaternions,  such 
f  ormulsB  as 

or  more  fully, 
where 

That  subject  I  have  finished,  for  the  present,  and  have  written  out 
some  investigations  respecting  differentials  of  functions  of  quater- 
nions, more  general  than  that  respecting  the  differential  of  a  square 
root. 

[An  example  is  then  given,  to  be  found  in  Lectures  on  Qiuaier* 
niom,  §  634,  p.  630]. 


*  See  Lectures  on  Quatemione,  §  627  (p.  624). 
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'  I  shall  be  happy  to  be  allowed  to  present  70a  with  two  or 
three  copies  (or  perhaps  more)  of  the  book,  when  completed,  for 
undistinguished  scientific  friends  of  yours,  or  pupils  not  yet  known 
to  fame.  As  to  scientific  men  of  celebrity ^  I  need  not  say  that  I 
shall  take  it  as  a  favour,  and  indeed  a  service,  if  you  will  assist  me 
in  making  out  (soon)  a  list  of  such  as  presentees.  How  far  I  can 
go  in  that  way  I  am  not  yet  certain ;  but  am  aiming  to  be  liberal.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Cahden-stbxbt,  Cahsen  Town, 
'June  15,  1852. 

*  The  matter  you  refer  me  to  in  2  R  (slip)  is  new,  I  have  no 
doubt.     I  don't  see  who  is  to  get  on  the  ground,  except  yourself. 

'  The  parties  I  remember  in  Great  Britain  who  are  likely  to 
read  your  slightly  abstruse  book  are,  in  England — Herschel, 
Peacock,  Babbage,  Whewell,  Leslie  Ellis  (Gamb.),  Stokes  (Camb.), 
Graves,  Sylvester,  Cayley,  Spottiswoode  (Oxf.),  Kirkman,  Young 
(Havil,  Great  Southampton-street,  Camberwell),  O'Brien  (King's 
College,  London),  Wheatstone  (who  is  curious  about  such  things). 
I  wish  you  would  send  one  to  Libri.  I  will  answer  for  the 
charges  against  him  being  malignant  in  their  character ;  and,  so 
far  as  definite,  fully  answered  by  him.  I  hope  to  send  you  a  few 
notes  on  his  case  shortly,  in  print.  He  is  at  Florence  House,^ 
3,  Chepstow  Villas,  Bayswater,  London. 

*  In  Scotland,  Kelland  (Edinb.),  Wm.  Thomson  (Glasgow). 

*  I  dare  say  there  are  more  who  will  come  into  my  head.  But 
I  do  not  live  among  the  mathematicians,  and  new  ones  start  up. 
So  no  more  this  evening.' 

I^om  the  Same  to  the  Same. 

*  7,  Gamdeit-street,  GAVDsir  Towk, 
<  June  20,  1852. 

^  All  the  people  who  can  read  the  quaternions  are  sure  to  be^ 
of  name ;  and  therefore  it  is  difficult  to  propose  a  person  who 
would  not  come  into  your  own  d  priori  list.  Do  you  know  Dr. 
Liogan  of  Prior  Park?  He  is  a  person  who  could  and  would  read 
it.  I  forget  whether  I  named  him  before.  He  has  the  history 
of  mathematics  for  1700-1852  better  than  any  one  I  know. 

^  Ldbri  is  the  writer  of  the  Paper  you  mention,  and  a  great  many 
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•others.  Besides  being  a  first-rate  mathematioian,  he  is  par  excellence 
the  historian  of  mathematics  who  knows  the  mannsoript  sera.  His 
history  of  mathematios,  &c.,  in  Italy,  of  which  four  volomes  are 
published,  is  a  work  which  will  live. 

*  His  is  a  lot  with  a  good  many  alleyiations.  All  the  bibliogra- 
phical world  throughout  Europe  is  not  only  convinced  of  his  inno- 
ccDoe,  but  of  the  extreme  malice  and  ignorance  of  the  accusation. 

'  Imagine  John  Smith  accused  of  stealing  a  certain  book,  printed 
at  London,  as  appears  by  the  title-page ;  in  which  book,  on  the 
fly-leaf,  is  pasted  the  book-plate  of  John  Jones  of  Manchester. 
Imagine  our  Attomey-G-eneral — ^English  or  Irish — insisting  on  it 
that  John  Smith  pasted  in  the  book-plate  of  Jones  of  Manchester  to 
persuade  the  world  that  the  book  was  printed  at  Manchester,  and 
not  in  London.     This  is  imagination ;  the  following  is  reality : — 

^  In  libri's  possession  was  found  a  book  printed  at  Venice,  as 
appears  by  the  end — ^to  which  eveiyone  looks  in  an  old  book  for 
place  and  date.  At  the  beginning,  in  the  usual  place,  was  stamped 
in  the  name  of  the  convent  of  St.  John  of  the  Canals  at  Piaoenza, 
to  which  the  book  once  belonged.  The  experts  (or  professional 
bibliographers)  employed  to  examine  Libri's  books  declare  that  he 
stamped  in  this  book  plate  to  make  it  appear  that  the  book  was 
printed  at  Piacenza.  They  then  point  out  that  Venice  is  at  the  end, 
and  wind  up  with  "  De  tels  faits  ne  se  discutent  pas — ^il  s'ex- 
posent  1 " 

'It  is  a  considerable  alleviation  of  such  a  charge  that  the 
knaves  who  conduct  it  are  such  fools.  Another  is  that  a  lady  to 
whom  he  was  engaged — and  a  very  charming  woman — did  not 
forsake  him,  but  came  over  to  England  and  married  him.  Another 
is,  that  this  lady  has  about  £1500  a-year ;  and  her  daughter,  by  a 
former  marriage,  has  or  will  have  as  much  more.  Another  is,  that 
his  own  property  is  in  Tuscany,  where  the  French  cannot  get  at  it. 

*  Tou  probably  know  Mr.  Kirkman,  who  extended,  or  rather 
augmented,  Pascal's  Theorem.  He  has  just  published  a  book  of 
mathematical  mnemonics,  the  most  curious  crochet  I  ever  saw. 

'  Some  of  these  days  I  will  try  to  write  a  catechism  of  mathe- 
matics in  which  every  answer  shall  be  remembered  by  a  double 
meaning,  e.  g, : 

'  Q.  What  is  a  rational  state  of  things  P 

'  A.  One  in  which  all  radicals  are  exterminated. 
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'  Of  oourse  you  will  not  forget  the  following  libraries : — The^ 
scientifio  Booieties,  the  oolleges,  and  Sion  College,  London,  which 
yon  may  never  haye  heard  of — a  clerioal  library — ^the  librarian  ia 
a  good  mathematioian ;  Adyooates'  Libraiy,  Edinburgh;  Observa- 
tory Library,  Chreenwich :  a  fair  one  and  in  high  order.  Airy  is 
the  prince  of  methoAsAA.  You  and  I  should  look  very  small  before 
him.  My  theory  is  that  when  he  tries  his  pen  on  blotting-paper 
he  makes  a  duplicate  by  the  pressing  machine,  files,  and  indexes 
it.  When  he  wanted  communications  of  advice  and  suggestion 
about  the  altitude  and  azimuth  instrument,  I  sent  Hini  an  edict 
from  Jupiter,  warning  him  not  to  follow  his  (Japiter's)  daughter 
about.    It  was  read  to  the  visitors,  and  filed  with  the  rest.' 

Fi'Ofn  SiE  W.  B.  Hamilton  to  A.  Db  Morgan. 

<  Obseevatort,  Wednesday  Morning, 
*  June  23,  1862. 

*  I  intend  to  make  tnany  presents,  including  foreign  ones ;  you 
are  aware  that  I  wish  to  give  a  few  copies,  through  you,  to  promis- 
ing pupils  or  other  private  friends  of  yours,  who  are  not  known  to 
the  public  as  writers.  It  is  not  my  expectation  that  for  the  other- 
wise published  copies  there  will  be  an  extensive,  much  less  a  rapid 
sale ;  but  with  all  its  faults,  and  with  all  my  belief  that,  if  it  were 
now  to  be  done  over  again,  I  could  write  a  much  better  book,  I  still 
think  that  it  will  always  be  regarded  as  a  sort  of  classical  work,  in 
one  department  of  mathematical  science,  which  shoots  forth  already 
ramifications  to  almost  every  other  department,  and  from  which  I 
have  also  strong  expectations,  not  likely  to  be  realized  by  myself  y 
as  regards  electricity,  magnetism,  and  all  that  depends  oil  polarity. 

*  Tour  story  about  Airy  is  capital. 

^  Mr.  Kirkman  has  sent  me  his  book — it  is  a  curiosity — ^perhaps 
it  may  be  useful  to  new  men;  but  I  suppose  I  am  past  using  it.  If 
he  can  make  me  remember  the  formula, 

cot  a  sin  c  =  cos  c  cos  J?  +  sin  £  cot  A^ 

which  I  am  forced  to  copy  now,  for  I  have  vainly  tried,  for  (to 
speak  moderately)  thirty  years,  to  commit  it  to  memory,  he  will 
have  achieved  a  feat.  Yet  I  can  repeat  long  strings  of  lines  from 
Milton,  Wordsworth,  and  others,  not  to  mention  all,  or  nearly  all. 
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the  sonnets  that  I  ever  oomposed — and  you  are  far  from  knowing 
their  number. 

'  You  asked  me  lately  whether  I  took  any  interest  in  polities. 
I  am  not  an  ardent  politician,  and  most  unaffectedly  distrust  my 
own  political  sagacity,  and  warn  my  boys  that  I  do  so.  It  is  likely 
that  you  and  I  would  be  found  to  differ,  without  bitterness,  on 
those,  as  on  theological  subjects.  But  since  you  give  me  the 
opportunity,  I  shall  add  that,  on  the  principle  attributed  to  Solon, 
I  have  always  voted  at  every  contested  election,  in  the  College  or 
city  of  Dublin,  since  I  had  a  right  to  do  so ;  and  hope  to  assist 
soon  in  getting  rid  of  Eeynolds.  (Who  was  it  that  said,  '^  I  have 
no  prejudice,  but  I  hate  a  Frenchman  P  ")  I  have  just  received  a 
circular,  requesting  me  to  vote  for  the  present  members  (Hamilton 
and  Taylor)  for  the  county  of  Dublin,  which  I  shall  certainly  do, 
if  I  find  that  I  have  the  right.  Hitherto  I  have  always  imagined 
that  my  tenure  of  this  Observatory  did  not  give  me  a  vote  in  the 
county.  And  now  perhaps  I  have  said  enough  about  politics.  I 
may  just  add  that  I  would  not  have  made  any  exertion  to  displace 
the  last  ministry ;  but  in  toting  I  feel  as  if  I  were  on  a  jury.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<Jti/y  1,  1852. 

*  I  want  to  lodge  the  following  somewhere  by  way  of  publicationy 
a  word  you  imderstand  I  use  in  the  primitive  sense.  There  is  no 
mistake  which  introduces  so  much  confusion  into  scientific  history 
as  confounding  publication  with  printing.  It  is  only  a  little  phase 
of  algebra  applied  to  logic.  .  .  . 

[Here  follow  fourteen  pages  occupied  with  a  treatment  of  syllo- 
gism considered  as  a  composition  of  relations,  &c.  It  concludes 
characteristically  thus :] 

*  And  so  much  for  genus  and  species.  Now  for  a  play  upon 
words.  No  doubt  genus  always  possesses  species  ex  vi  terminorum. 
To  prove  that  it  is  not  lawful  to  take  a  letter  out  of  a  word,  and 
insert  it  in  another,  proceed  as  follows.  Ifpombky  let  the  second 
8  in  the  second  word  be  changed  into  i  and  inserted  in  the  first. 
Then,  genius  always  possesses  specie.  But  this  is  absurd,  there* 
fore,  &c.— Q.  E.  D.' 
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From  the  Samb  to  the  Same. 

*  7,  Caicden-street,  Camden  Town, 
•Jw/y  11,1852. 

'  The  heat  here  has  been  so  oppressive  that  men,  women,  and 
children  are  dried  up  into  mummies.  If  you  have  anything  here- 
tical in  mathematics,  or  orthodox  in  theology,  to  insist  upon,  now 
is  your  time ;  I  can  oppose  nothing. 

*  Chasles  has  published  one  volume  of  his  Oiomitrie  Supirieure. 
I  have  not  had  courage  to  look  into  it  yet.  Do  you  know  any- 
thing of — (1)  Liouville's  edition  of  Monge ;  (2)  Poinsot's  Theory 
of  Rotation  (1851)  ? 

*  There  is,  of  course,  no  hope  of  news  from  a  mummy — as  I 
•claim  to  be,  and  to  remain  till  we  have  a  thunderstorm,  or  some- 
thing to  alter  the  air.  I  was  amusing  myself  the  other  day  with 
•a  work  on  logic,  or  rather  against  logic,  written  by  one  Justin 
Brenan.  I  suppose  he  must  be  an  Irishman.  Do  you  know 
anything  of  himP' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

*  Observatory,  July  12,  1852. 

*  Though  I  don't  much  like  copying,  even  from  myself,  I  think 
it  may  entertain  you  to  see  a  copy  of  part  of  a  note  which  I  have 
just  written  to  that  cousin  of  mine,  who  learned,  when  she  was  a 
child,  and  when  I  was  able  to  teach  such  things,  some  Hebrew, 
Persian,  and  Sanskrit,  on  my  lap.  Perhaps  also  it  may  be  less 
impolite  to  you  to  send  the  gossip  in  this  form,  than  if  I  were  to 
address  it  directly  to  yourself,  who  probably  take  a  different  side 
in  politics. 

*  "  My  dear  Bessy,  after  thinking  and  writing  about  the  Jequa- 
temions  on  Saturday  morning,  and  giving  William  Edwin  [your 
Liondon  acquaintance  .  .  .  parenthesis  addressed  to  A.  De  M.]  a 
long  lecture  on  practical  astronomy,  I  shaved — an  exertion !  and 
went  to  Dublin  with  him  on  my  car,  from  which  we  got  off,  and 
walked  as  we  approached  to  Green-street.  A  strong  force  of 
police  preserved  quite  enough  of  order.  I  am  not  sure  that  I 
should  not  have  enjoyed  a  little  more  of  a  row  [pronounce  like 
nou>]y  and  I  easily  found  the  proper  tallyroom,  and  a  person  to 
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show  me  the  way  to  the  proper  polling  booth.     The  following  ques- 
tions may  not  be  reported  verbatim  ;  the  answers  are  nearly  so  : — 

* "  Q.  Under  what  title,  or  by  what  number  in  the  Registry  of 
Freemen  do  you  daim  to  vote  at  this  election?  A.  1399. 
Q.  (After  inspection  of  the  Registry.)  Are  you  the  person  re- 
gistered imder  that  number?  A,  Yes.  Q.  Have  you  already 
voted  at  this  election?  A.  No.  Q.  For  whom  do  you  vote?* 
A,  Ghrogan  and  Vance.     [A  voice) — Thank  you,  sir ! 

^ ''  And  so  ended  my  little  part  in  the  important  drama  of  the- 
day.  I  walked  about  Dublin  a  great  deal  with  Will  [your  said 
acquaintance],  and  part  of  the  time  with  Sydney  [a  sister  of 
mine],  and  thought  that  my  native  city  looked  really  very  lovely. 
The  Liffey  was  pretty  full,  which  makes  all  the  difference  in  the 
world  between  its  beauty  or  deformity ;  and  the  sun  was  shining^ 
on  it,  and  on  many  beautiful  buildings.  Even  the  reflection  from 
house-windows,  towards  evening,  had  a  fine  effect.  (Some  win- 
dows were  smashed,  by-the-way,  as  I  was  slowly  driving,  about 
half-past  five,  on  an  open  car  through  a  crowded  street ;  but  that 
was  to  be  expected.)  I  availed  myself  of  my  first  free  day,  since 
the  Moore  Meeting,  to  leave  a  card  at  Charlemont  House." 

*  The  remainder  of  my  note  to  my  cousin  relates  to  money  and 
other  private  matters.  I  have  heaps  of  things  to  write  to  you 
about,  and  in  fact  have  at  least  two  rejected  or  suspended  notes  ta 
you,  thrown  aside,  though  perhaps  not  a  bit  more  foolish  than  thia 
one,  and  I  may  yet  take  courage  to  send  them.  Will  you  believe 
that  I  have  only  just  discovered  that  the  Bi-tensor  of  a  product  of 
Bi-quatemions  is  =  ±  the  product  of  the  Bi-tensors  ? ' 

From  A.  De  Morgan  to  Sib  W.  R.  Hamilton. 

<  7,  Camdkn-stbebt,  Camdxn  Town, 
<  July  14,  1852. 

*  Whether  I  am  for  or  against  Qrogan  and  Vance  I  can't  tell  r 
1 .  Because  I  have  not  the  least  idea  of  their  politics ;  2.  Because 
I  have  not  the  highest  degree  of  certainty  of  my  own.  I  have  no- 
objection  to  give  Lord  Derby  a  chance.  I  should  be  glad  to  think 
that  he  or  anybody  else  could  get  through  business.  I  should  liko 
to  reduce  the  House  of  Commons  to  its  original  function  of  grant- 
ing supplies  and  stating  grievances,  leaving  the  executive  to 
remedy  them  on  principles  to  be  settled  by  the  House.    I  foresee 
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that  the  present  maohine  will  break  down  under  its  own  inoom- 
petenoy.     I  am  glad  you  have  kicked  out  the  obstructive  man. 

^  I  admire  the  innocence  of  your  mode  of  information — ^that 
row  rhymes  to  now.  Let  the  circimistance  be  fairly  stated.  An 
IrUhman  writing  from  Dublin  of  an  election^  admits  that  he  would 
have  been  glad  of  a  rote ;  and  thinks  it  necessary  to  inform  his 
oorrespondent  how  the  fourth  emphatic  is  pronounced.  Not  ex- 
•ftctly  so,  perhaps,  for  I  understand  that  the  parenthesis  about 
pronunciation  was  intended  for  me.  You  did  not,  I  presume, 
think  it  necessary  to  add  that  little  bit  of  instruction  in  Irish  to 
the  Hebrew,  Ac,  which  you  formerly  gave  your  fair  cousin. 

*  There  has  been  no  contest  in  my  borough,  and  I  did  not  vote 
when  there  was  one.  I  hate  the  system.  Given  two  persons  of 
whom  I  know  nothing;  required  which  is  the  best  qualified  to 
manage  matters  of  which  I  know  next  to  nothing.  The  presump- 
tion is  that  500.0  incompetent  persons,  by  a  contest  of  opposite 
incompetencies,  will  produce  a  competent  decision.  This  absurdity 
fills  the  House  of  Commons.  Another,  as  great,  the  House  of 
Lords,  namely,  that  the  son  of  a  legislator  must  be  fit  to  be  a 
legislator.  And  this  works  well,  on  the  whole.  I  have  long  been 
of  opinion  that,  in  English  hands  (not  objecting  to  a  moderate 
mixture  of  Irish  and  Scotch),  anything  would  work  well ;  and 
that  Parliament  as  now  constituted  proves  it.  I  would  not  have 
:all  Irish,  because  the  progress  of  events — which  should  be  in  a  roio 
— meaning  one  after  another,  with  order  and  method,  rhyming  to 
slow — might  be  subjected  to  a  mispronunciation.  Nor  would  I 
have  all  Scotch,  for,  when  they  had  their  own  matters  to  manage, 
there  is  no  denying  that  they  mispronounced  quite  as  much  as  the 
Irish.  It  was  only,  in  all  time,  when  they  had  to  work  their  way 
among  foreigners,  that  the  Scotch  were  the  decent  quiet  people 
which  we  know  them  to  be.  Are  you  of  Scotch  origin  P — by  name 
and  arms  you  seem  to  be  so. 

*  Macaulay  used  to  maintain  that  the  House  of  Commons  must 
have  been  the  beast  of  number  666.  The  658  members,  by  his  show- 
ing, +  the  number  of  officials  requisite  to  the  action  of  the  House — 
I  forget  who  they  were — made  exactly  666 — just  taking  in  the 
clerks,  sergeant-at-arms,  &c.,  essential  to  its  records,  the  enforce- 
ment of  its  orders,  &c. 

<  And  so  much  for  my  politics. 

VOL.  III.  2  c 
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^  I  shall  send  you,  in  a  day  or  two,  a  separate  copy  of  an  article 
in  Bentley*8  Miscellany  on  the  Libri  case.  There  never  was  such 
a  mess  as  these  unfortunate  French  have  got  into. 

*'  There  is  another  light  of  Italian  mathematical  history  just 
beginning  to  appear  in  England.  I  received  yesterday,  from 
Prince  Boncompagni,  the  person  in  question,  three  tracts  on 
points  of  ItaUan  history.  One  of  them  is  on  Gerard  of  Cremona, 
the  first  translator  of  Ptolemy  from  Arabic.  It  contains  (among 
other  things)  an  Arabic  algebra,  translated  by  G-.  of  0.,  in  which 
there  is  notice  of  negative  quantity,  a  thing  hitherto  wanting^ 
in  all  Arabic  algebra.  This  is  a  step  towards  the  connexion  of 
Arabic  and  Hindu  algebra.    The  latter  abounds  in  negatives.' 

From  the  Same  to  the  Same. 

<  7,  Camdsv-stebbt,  Camden  Town, 
<  Jvdy  16,  17,  1852. 

*  I  have  found  the  value  of  oo  •  You  are  required  to  admit 
three  things :— 1.  That  89^  60'  -  90°  ;  2.  That  tan  90°  =  oo ; 
3.  That  any  man,  having  a  point  left  incomplete,  may  make  it  up 
by  ancient  authority. 

'If  you  boggle  at  the  third  postulate,  I  refer  you  to  your 
namesake  at  Edinburgh,  and  his  followers,  who  never  hesitate  at 
imposing  a  law  of  thought  as  necessary,  if  Aristotle  has  declared 
it.  I  am  not  joking.  If  you  or  I  can  see  no  necessity  they  refer 
you  to  Aristotle  to  prove  it. 

'  Supposing  you  now  satisfied  on  the  third  head,  I  refer  you  to 
Beinhold's  Tabuke  Directionum^  1554,  in  which  is  the  first  canon 
fxcunduSy  or  table  of  tangents,  that  ever  was  carried  to  single 
minutes. 

'  The  last  degree  is  to  every  10  seconds.    Now  I  quote 

89*  59'  50''  206185567010 

89°  60'  10000000000000 ; 

00  =  10". 

Everything  has  its  reason.  Here  is  a  kind  of  companion  to  the 
totiis  sinus.  Since  10000000  was  the  greatest  sine,  and  it  was 
found  constantly  requisite  to  divide  10000  ...  by  a  sine ;  and  sinoo 
the  same  1000  .  .  .  has  often  to  be  divided  by  a  tangent,  Bein- 
hold  seems  to  have  thought  that  a  total  tangent  would  be  a  desir- 
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able  thing ;  and  so  he  put  down  10000  to  as  many  ciphers  as  the 
row  would  take. 

^  I  had  written  most  of  the  preceding  when  your  note  came  in, 
wherein  June  23  appears  as  date.  If  you  had  sent  it  at  once  I 
would  at  once  have  given  you  my  mnemonic  for  the  formula  you 
mention.    The  clue  is 

cos  -r  sin  »  cot. 

Now  choose  your  beginning,  say 

a    c. 
Make  a  cycle  of  pairs 

a    c  c    b  b    a. 

Change  the  last  three  into  angles 

a    c  c    B  B    A. 

Now,  cos  -r  sin  -  cot. 

Put  cosines  in  the  middle,  sines  on  the  flanks,  and  cotans  on  the 

extreme  flanks, 

a       e         c        b  b       a 

cot  a  sin  (?  =  cos  c  cos  £  +  sin  £  cot  ^ 
cot    sin      cos    cos        sin     cot. 

This  is  the  only  formula  for  which  I  have  ever  been  obliged  ito 
invent  a  mnemonic.  Mr.  Kirkman  says  his  is  better  than  mine. 
I  have  not  looked  at  it — ^you  may.  All  I  know  is  that  I  never 
forgot  the  above  rule  from  the  time  when  I  first  made  it.  And 
in  mnemonics  the  difficulty  is  always  cmtodire  cmtodem. 

'  Gould  you  not  make  a  sonnet  out  of  the  formula  ?  There 
are  just  14  elements, 

cot  a  sin  i  »  cos  6  cos  C?  +  sin  C  cot    A 
12   3   4  5    6   7  8   9  10  11 12  13  14. 

'  This  evening  we  have  rain  and  thunder.  And — as  Sir  Sydney 
Smith  (the  Acre  man)  insisted  on  it  to  a  friend  of  mine — the  large 
rain-drops  knock  down  the  wind,  and  make  it  blow  in  the  lower 
regions  of  the  atmosphere. 

'  Pray  do  not  write,  and  then  consider  whether  you  shall  send 
it  or  not.  If  I  were  to  do  such  a  thing  you  would  not  get  all  you 
^et  out  of  me. 

^  July  17. — I  have  been  hard  at  work  all  day  valuing  the 
affairs  of  an  assurance  company,  and  incidentally  committing  high 

2C2 
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treason — imaginiDg  the  death  of  the  heir  to  the  Crown;  inas- 
muoh  as  the  Prince  of  Wales  has  had  his  life  assured  by  someone, 
and,  the  rate  of  interest  being  3  per  oent,  if  you  take  the  premiums 
at  anything  less  than  thirty-three  and  one-third  years'  purohase, 
you  imagine  his  death. 

^  But  I  opened  this  letter  not  to  expose  you  to  the  hazard  of 
misprision  of  treason,  but  to  tell  you  that  I  send  a  copy  of  the 
Ldbri  article  with  it.  You  will  now  see  how  the  land  lays. 
There  are  a  great  many  more  facts,  but  I  had  not  room  for  them. 
And  all  that  I  haye  stated  I  have  as  good  reason  to  know  can  be 
proved  as  it  is  possible  I  could  have.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obseutatobt,  July  20,  1852. 

*  I  received  this  morning  your  letter  of  July  16,  17,  and  also 
your  pamphlet  about  Libri,  which  I  have  read  with  great  satisfac- 
tion, but  intend  to  read  again.  And  I  do  not  think  that  I  thanked 
you  for  the  one  of  July  14,  which  promised  me  that  pamphlet,  and 
contained  some  words  about  politics.  On  this  last  head  I  do  not 
think  that  we  should  differ  much — certainly  not  so  as  to  prevent, 
or  render  difficult,  a  good-humoured  correspondence,  now  and  then, 
upon  the  subject  (whatever  might  be  the  case  with  Theology). 

'About  a  year  ago  I  happened  to  meet,  in  Mrs.   Chai-les 

Graves's  drawingroom,  a  Dublin  lady  of  some  talent  and  a  biueish 

tinge,  who  set  herself  to  draw  out  my  opinions  on  various  points. 

Among  other  questions,  or  half  questions,  she  said,  '*  You  are  a 

Libewi  in  politics,  I  believe."    "  Eeally,"  said  I  in  return,  **  I 

do  not  know  exactly  what  the  word  means ;  but  as  it  sounds  ns 

intended  for  a  compliment,  I  suppose  that  I  had  better  accept  it." 

Yet  I  regularly  voted  against  O'Connell,  and  that  not  only  when 

Lord  Normanby  (at  whose  hands  I  received  knighthood)   was 

Viceroy,  but  also  when  his  co-candidate,  against  whom  I  voted 

also,  was  Bobert  Hutton,  now  of  Putney  Park,  near  London, 

whom  probably,  or  at  least  perhaps,  you  know,  and  who  is  my 

maternal  cousin  in  the  second  degree.    I  must  say  that  Bobert 

Hutton,  on  the  occasion  I  have  in  my  mind,  came  up  to  me  as  I 

was  waiting  for  my  turn  to  vote,  and,  knowing  well  what  I  intended 

to  do,  shook  hands  with  me  in  public.    About  a  week  afterwards 

I  received  an  invitation,  in  Dublin  considered  a  '^  command/'  to 
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dine  with  Lord  Normanby,  and  sat  next  Dnunmond — ^you  know 
perfeotlj  whom  I  mean.  We  had  met  before,  at  the  measurement 
of  the  base,  beside  Longh  Foyle,  in  1828,  and  had  enjoyed  a 
Sunday's  stroll  along  the  banks  of  that  lake,  in  addition  to  dining 
together  under  a  tent,  and  some  other  little  incidents,  extremely 
sayoury  to  me  at  the  time,  of  a  semi-military  life.  In  our  after- 
dinner  chat  at  the  Yioeregal  table,  at  that  later  period  of  which 
I  spoke  before,  we  did  not  shrink  from  politics,  although  in  some 
important  points  we  differed  about  them,  and  the  subject  of  the 
ballot  was  mentioned.  Whether  Drummond  was /or  the  ballot,  I 
forget,  but  remember  that  I  was  led  to  say,  against  it,  '^  With 
what  satisfaction  or  comfort  could  I,  as  a  gentleman,  sit  now  at 
Lord  Normanby's  table,  if  I  had  voted  secretly j  instead  of  openly, 
against  his  candidates  in  Dublin  a  week  ago  P  " 

'  My  ^'  liberalism,"  if  an  existent  quantity,  won't  prevent  me 
from  voting,  if  alive  and  well,  for  Hamilton  and  Taylor,  at  the 
Dublin  County  Election,  on  Thursday  morning  next.  I  belong  to 
the  new  sect  of  Derbyites ;  but  I  trust  that  you  believe  that  I 
would  have  voted  exactly  alike  if  Lord  John  Bussell  were  still  in 
power,  namely,  for  just  those  candidates  for  whom  I  have  voted, 
or  intend  to  vote,  at  present.' 

From  the  Same  to  the  Same. 

*  Obsebvatokt,  July  20,  1852. 

*  Letters  and  pamphlet  received — more  very  soon  from  me. 
Guess,  if  you  can,  what  you  have  to  say  to  the  enclosed  receipt  for 
Sir  J,  Hamilton  P  I  am  the  person  meant,  and  the  basket,  with  eight 
compartments— a  practical  biquatemion— is  for  holding  letters 
from,  and  some  few  memoranda  of  letters  tOy  you !  Already  it  has 
been,  with  great  resulting  pleasure,  applied  to  the  said  purpose ; 
lut  a  tradesman  waits  in  my  hall,  and,  while  paying  him  his  bill, 
I  shall  bargain  for  his  posting  this  memorandum.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Cakbeit-stbeet,  Camden  Towht, 
<  July  23,  1862. 

^  You  meant  me  to  wonder  at  the  receipt,  and  I  did  wonder, 
till  yoiir  note  explained  it.  I  congratulate  you  on  your  metho- 
dical habits. 
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*•  I  saw  to-day,  with  g^eat  satisfactiony  an  article  in  the  Tvme% 
on  libri's  case,  of  which  article  I  knew  nothing  whatever.  The 
article  I  Bent  you  will  be  circulated  by  libri  himself,  and  copies 
will  go  to  Ireland  to  a  great  many  official  people.  I  begin  to 
hope  that  people  in  this  country  will  be  brought  to  see  that  there 
is  no  criminal  justice  in  France.  But  there  is  no  one  to  collect 
such  jewels  of  criminal  law  as  the  following : — 

'  1.  Five  men  robbed  a  diligence,  many  years  ago ;  three  men 
were  convicted  and  guillotined;  some  years  afterwards  three  more : 
now  3  +  3  =  5  +  1,  therefore  one  innocent  man  was  guillotined. 
Which  it  was  was  discovered  and  fully  proved.  In  fact,  the 
second  trial  exonerated  one  of  the  first  three.  The  family  of  that 
unhappy  man  cannot  get  his  sentence  reversed  to  this  day.  The 
Courts  would  not  do  it.  The  late  House  of  Assembly  would  not 
recommend  it.  It  was  against  the  dignity  of  justice,  they  said, 
to  reverse  under  such  circumstances.  All  persons  admitted  that 
if  he  had  been  at  the  galleys  the  sentence  would  have  been 
reversed,  and  he  would  have  been  set  free;  but  as  the  mischief  was 
wholly  irreparable,  the  dignity  of  justice  required  that  the  stain  on 
his  friends  should  continue. 

'  2.  A  man  is  tried  for  secret  society  work.  Evidence,  a  police- 
man, who  swears  that  certain  respectable  persons  in  the  man's 
neighbourhood  told  him  that  the  man  was  a  Socialist.  Prisoner's 
counsel  require  him  to  name  these  parties.  The  Court  overrules 
the  question.     The  man  is  convicted. 

'  Nine  men  out  of  ten  whom  I  meet  with  have  more  or  less  of 
idea  that  a  refusal  to  go  and  stand  a  trial  in  France  is  an  inevi- 
table presumption  of  guilt.  One  thing,  however,  I  have  learnt 
from  all  the  remarks  I  have  heard  on  this  case,  and  that  is,  that 
the  law  of  England  is  far  above  the  average  Englishman  in  its 
notion  of  justice,  and  that  a  study  of  the  law  would  improve  the 
logic  of  nine  out  of  ten. 

^  I  do  not  see  your  name  among  the  office-bearers  at  Belfast. 
Do  you  go  P  Belfast  reminds  me  that  the  treatment  of  Young 
was  more  French  than  English  or  Irish  either,  except  under 
religious  bigotry.  I  hope  the  Queen's  Colleges  will  be  free  of 
this  plague. 

'  By  the  way,  is  it  held  true  in  Ireland  that  the  priests  educated 
at  Maynooth  are  more  National  and  less  Papist  (in  the  literal 
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sense  of  the  words)  than  those  not  so  educated  P  I  have  heard  this 
a£Srmed,  and  made  a  reason  for  the  continuance  of  the  grant,  and 
not  by  Boman  Catholics/ 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

'  OBSJSRYATORr,  July  23,  1852. 

^  You  won't  think  it  necessary,  I  suppose,  to  enter  a  formal 
protest  against  what  I  said  (if  I  remember  it),  when  I  last  (or 
lately)  wrote  on  the  subject  of  politics ;  nor  to  disclaim  the  degree 
of  agreement  between  you  and  me  on  that  head  which  I  assumed 
potentially  to  exist.  You  need  not  take  pains  to  inform  me  that 
you  are  not  a  Derbyitey  in  the  sense  in  which  I  avow  myself  to  be 
one:  it  is  quite  enough  for  me,  that  you  state  yourself  to  be 
**  willing  to  give  the  Derby  Ministry  a  fair  trial,"  or  that  you 
have  used  words  to  that  effect.  We  agree  in  preferring  {im- 
measurably^  as  I  hope  and  think)  England  to  France,  and  to 
Italy,  as  regards  constitution  and  government — witness  the  '^Libri 
case."  You  could  not,  any  more  than  myself,  contemplate  coolly, 
as  an  endurable  thing,  the  conquest  or  the  possession  of  the  British 
Empire  by  Louis  Napoleon,  or  by  the  Pope.  You  might  probably 
prefer,  theoretically,  the  absence  of  all  alliance  between  Church 
and  State;  may  even  wish  and  hope  to  live  to  see  any  such  alliance 
dissolved,  but  would  not  choose  to  throw  public  affairs  into  con- 
fusion, and  paralyse,  or  at  least  obstruct,  all  vital  actions  of  the 
national  body  corporate,  by  any  such  course  of  conduct  as  may,  to 
judge  by  the  past,  be  adopted  in  the  next  Parliament  by  the 
Brigade.  You  may  be,  in  some  very  important  respects,  a 
Badical ;  but,  if  so,  your  intellect,  good  sense,  and  good  feeling, 
must  oblige  you  to  be  (if  I  may  coin  the  term)  a  liberal  radical; 
while  I  on  my  part  claim  to  be  (what  I  have  been  called)  a 
liberal  conservative, 

*  My  liberalism  did,  however  (as  I  warned  you),  not  prevent 
me,  or  rather,  as  by  me  interpreted,  it  urged  me  on,  to  attend  at 
Eilmainham  yesterday,  and  to  vote  there  for  Hamilton  and  Taylor, 
who,  I  am  told,  are  certain  to  come  in;  but  after  an  arduous 
contest — for  the  Bromish  priests  are  understood  to  be  actually 
canvassing — ^a  mild  word  for  their  mode  of  getting  voters  to  the 
poll !   At  all  events,  liberavi  aniinam  meam;  and  of  course  I  should 
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have  voted  for  another  Hamilton  (Q-.  A.)j  and  Napier,  in  the 
College,  if  there  hcul  been  any  contest. 

'  I  write  this  note  standing  in  the  open  air,  and  have  just  now 
(since  writing  the  above)  been  told  that  Hamilton  and  Taylor  are 
IN,  by  at  least  500 !  Tar-barrels,  &o.  in  this  neighbourhood !  I  No 
more  common  sense  this  evening ! ! ! 

*  James  Hans  Hamilton  I  am  long  acquainted  with,  also  with 
George  Alexander  Hamilton ;  and  though  not  so  long,  yet  well, 
with  Napier.  But  Grogan,  Vance,  and  Taylor,  I  am  not  aware 
that  I  have  ever  seen;  and  certainly  I  am  not  such  a  red-hot 
Protestant  as  Vance  professes  himself  to  be.  But  I  act  on  the 
practical  principle  of  taking  the  best  I  can  get.  If  I  had  not  voted 
for  Vance,  I  should  have  helped  to  bring  in  Reynolds.' 

From  the  Same  to  the  Same. 

<  Observatory,  July  26, 1852. 

*  Understand,  first,  that  I  don't  pretend  to  be  an  unprejudiced 
man.  Deeply  prejudiced  I  know  myself  to  be;  not  thereby 
admitting  that  I  am  wrong.  From  childhood  I  have  had  political 
leanings,  and  always  to  the  tVliberal  side.  My  father  (Archibald 
Hamilton,  of  Dominick-street,  Dublin)  was  a  liberal,  almost  a 
rebel ;  he  assisted  Hamilton'  Bowan  to  escape  from  prison,  and 
deeply  involved  himself  by  other  efforts  in  his  favour.  On  the 
other  hand,  his  brother,  my  uncle,  the  Bev.  James  Hamilton,  who 
lived  for  forty  years  the  Curate  of  Trim,  and  died  as  such,  was  a 
Tory  to  the  back-bone,  and  doubtless  taught  me  Toryism  along 
with  Church  of  Englandism,  Hebrew,  and  Sanskrit— that  last 
acquisition  being  pretty  well  lost  by  this  time,  although  I  still 
like  the  look  of  the  letters !  My  father  used  to  enjoy  the  provoking^ 
me  into  some  political  or  other  argument,  in  which  I  always  took 
my  uncle's  side.  The  seal,  which  I  still  use,  and  which  contains 
a  sort  of  abridgment  of  my  father's  arms,  was  given  me  by  a 
maiden  aunt,  Miss  Hutton,  on  the  occasion  of  my  triumphantly 
winning,  as  my  father  more  triumphantly  confessed  to  some  friends 
(or  flatterers)  whom  he  had  collected,  in  a  contest  of  eloquence 
with  himself  for  my  first  irafehy  which,  when  I  was  about  twelve 
years  old,  he  affected  to  deny  that  he  had  promised  me.  Perhaps, 
before  I  finish  this  note,  I  may  be  able  to  lay  my  hand  upon  my 
father's  seal,  and  to  send  you  an  impression  of  it.    I  should  think 
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it  pompous  in  me  to  m^b  one  so  large  and  grand.  We  do  claim  to 
be  Scotch,  of  the  time  of  James  I. ;  but  believe  that  our  pedigree 
can  be  traced  back  beyond  the  Norman  conquest,  to  certain  Earls 
of  France.  What  nonsense  !  I  try  to  think  so,  practically,  and 
am  quite  sure  that  I  am  glad  that  I  am  the  son  of  a  younger 
brother,  and  that  if  a  dormant  baronetcy  in  our  branch  of  the 
Hamiltons  shall  ever  be  revived,  it  will  be  for  a  cousin,  the  present 
Hev.  James  Hamilton  of  Trim,  son  of  my  uncle  above  mentioned, 
and  not  for  me.  A  poor  knight  is  bad  enough,  but  a  poor  baronet 
is  something  lower  than  ridiculous. 

*  What  set  me  off  into  all  this  rigmarole  I  Oh,  I  remember 
now,  you  asked  my  opinion,  as  an  Irishman,  about  the  Maynooth 
priests,  and  I  wanted  to  disclaim  any  pretence  to  being  an  im- 
prejudiced  man. 

'An  amateur  genealogist  asked  me,  about  a  year  ago,  what 
branch  of  the  Hamiltons  I  belonged  to.  I  answered  that  I  had 
heard  my  father  say,  that  he  had  claimed,  and  been  allowed  to 
claim,  a  distant  cousinship  with  the  Marquis  of  Abercorn ;  but 
that  I  had  never  heard  my  father  profess  to  be  in  any  way  con* 
nected  with  the  Buke  of  Hamilton.  ''  That  is  all  as  it  should  be," 
said  the  genealogist,  '^  for  the  Duke  of  Hamilton  is  not  a  Samilton 
ataU."* 

From  the  Same  to  the  Same. 

'  Obsebvatoby,  Monday  JEvening,  July  26,  1852. 

'  I  should  have  no  chance  as  a  candidate  for  the  City  of  Dublin 
(whatever  might  be  the  case  with  the  College,  if  I  were  only  such 
a  fool  as  to  allow  myself  to  be  proposed),  because  I  could  not 
promise  to  vote  against  Maynooth.  On  the  whole,  I  am  disposed 
to  let  the  endowment  remain.  Such  is  the  result  of  a  very  un» 
skilful  attempt  of  mine  to  strike  a  balance  between  opposite  evils« 
I  am  old  enough  to  remember  foreign-bred  ecclesiastics  of  the 
lioman  faith.  They  were  extremely  agreeable  people,  and  much 
welcomed  in  Protestant  society.  The  case  is  very  different  now. 
The  education  at  Maynooth  is,  I  believe,  anfe-English.  But  I 
repeat  that  I  do  not  set  up  for  being  an  unprejudiced  man.' 
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From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Caxdbn-sibxst,  Cahden  Towir, 
'July  21,  1852. 

'  I  see  you  begin  gemino  ab  ovo — ^i.  e.  from  Louis  Napoleon  and 
the  Pope.  Conoedo.  I  do  not  want  England  to  be  governed  by 
either.  So  far  we  go  together.  I  am  not  sure  I  would  destroy 
them.  Tou  have  read  "  Pickwick."  You  remember  Mr.  Weller, 
sen.,  reasoning  on  final  causes,  says  of  death — ^^  What  would  the 
undertakers  do  without  it?"  Now  I  say — "What  would  the 
newspapers  do  without "  L.  N.  and  the  P.  P 

'  Practically  I  hold  as  follows : — People  seem  to  be  well  satisfied 
with  the  Constitution,  as  they  call  it.  /  don't  believe  in  the  Con- 
stitution. I  think  this  is  the  coimtry  of  common  sense,  and  we 
should  make  anything  do.  But,  be  the  Constitution  what  it  may, 
it  is  not  my  business  to  tinker  it;  for  if  it  were  I  should  not  know 
how,  except  in  a  few  small  matters  as  f oUows : — 

658 

*  1.  The  Parliament  not  to  be  dissolved  all  at  once,  but  -=-  =  94 

members  to  go  out  by  rotation  each  year,  and  so  that  every  man 
should  serve  seven  years.  The  Queen  to  dissolve  out  and  out, 
over  and  above,  pro  re  natd.  The  rotational  electors  to  be  distri- 
buted through  the  year. 

'  2.  No  person  to  be  allowed  to  go  to  the  poll  who  shall  not 
have  given  notice  of  his  intention  twelve  calendar  months  before 
the  election.  In  the  event  of  no  such  notice  given,  the  House  of 
Lords  to  nominate  2x  candidates  for  ir  to  be  chosen,  out  of  whom 
the  choice  to  be  made. 

^  3.  Every  member  of  the  House  of  Commons  to  swear,  on 
taking  his  seat,  that  he  has  neither  aided  nor  abetted  bribery ;  and 
to  give  in,  on  oath,  a  list  of  his  election  expenses — all  to  be  paid* 
before  he  takes  his  seat. 

'  4.  Votes  to  be  taken  at  the  electors'  houses,  by  papers  left  to 
be  filled  up  and  signed  (blank  filling  being  permitted).  These 
things  would  not  suit  the  magnates  who  fool  the  mob  septennially, 
but  out  of  that  raison  de  plus. 


*  The  House  to  shorten,  at  discretion,  the  term  of  service  of  anyone  who 
spent  undue  sums,  even  honestlj. 
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As  to  Churoli  and  State ;  if  the  deadly  poison  of  subscriptions 
he  abolished,  I  should  care  little  how  they  arranged  their  matters 
inter  se.    These  subscriptions  foster  every  kind  of  dishonesty. 

<  As  to  the  Maynooth  Grant,  if  the  Catholics  settled  down  again 
into  good  subjects,  I  should  continue  it.  And  this  because  the  idea  of 
it  being  unlawful  to  countenance  idolatry,  &c.,  contains  a  principle 
Bubversiye  of  all  things  established.  If  the  state  conscience — a 
creation  of  politicians — must  not  encourage  what  it  thinks  false, 
how  can  the  real  private  conscience  be  forced  to  do  so?  A  Quaker 
has  a  much  better  right  to  refuse  Church  rates  than  the  State  has 
to  refuse  an  allowance  of  public  money,  otherwise  desirable,  on  the 
ground  of  its  disapproval  of  the  doctrines  taught  in  consequence. 
No  more  this  batch. 

*  I  picked  up  the  other  day  the  tables  of  Beinhold,  containing 
(1554)  the  first  table  of  Tangents  {tabula  foecunda)^  published  to 
minutes.  He  remarks  that  this  table  will  be  found  very  useful 
when  one  sine  is  to  be  divided  by  another,  the  two  angles  together 
making  a  right  angle.' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

^Obsebtatobt,  July  28, 1852. 

*'  I  was  much  amused  by  your  mathematico-political  letter, 
which  came  to  hand  this  morning.  How  many  people  do  you 
hope  to  convince,  or  win  over,  to  your  new  Utopia  P  Though  it  is 
only  fair  to  admit  that  you,  like  myself,  seem  to  be  rather  glad 
than  sorry,  that  neither  of  us  is  obliged  to  try  his  hand,  in  practice, 
at  *'  tinkering  the  Constitution."  If  a  peer,  or  a  peer's  nominee, 
before  the  Beform  BUI,  had  thrown  out  your  suggestion  No.  2, 
about  the  nomination  of  the  2a?  candidates,  what  a  popular  clamour 
would  have  been  raised !  The  ''  curry  "  business  (Norfolk,  was 
it  P)  would  have  been  nothing  to  it.  As  to  No.  3,  against  bribery, 
I  am  really  delighted  to  think  (what  I  have  heard)  that  a  recent 
Act  of  Parliament  has  almost  anticipated  your  view,  and  made  that 
crime  nearly  impossible.  Yet  I  do  not  relish  the  thought  of 
multiplying  oaths.  For  my  own  part,  I  have  on  several  occasions 
been  called  upon  to  take  an  oath,  and  trust  that  I  have  always 
done  so  solemnly  and  voraciously.  But  when,  for  instance,  those 
questions  about  the  Dublin  city  election  had  recently  been  put  to 
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me,  and  I  was  again  walking  with  my  eon  William  Edwin  in  the 
streets,  I  really  had  to  reflect^  for  a  short  time,  whether  I  had 
answered  on  my  oath  or  not.  The  duty  of  veracity,  at  least  when 
so  publicly  and  solemnly  appealed  to,  had  appeared  to  me  already 
so  stringent,  that  no  ceremony  could  increase  it.  The  State,  in  its 
assumed  capacity  of  conservator  of  public  morals,  has,  I  believe, 
assigned  a  special  pimishment  to  perjury.  Most  rightly,  fitly  (I 
admit),  is  that  crime  punished  by  any  well-constituted  society ;  yet 
as  a  erime^  not  as  a  sin^  by  theni ;  although  an  awful  sin  it  be.  So 
I  would  amend  your  motion.  No.  3,  by  substituting  some  such 
enacting  words  as  these,  ''  that  a  false  statement  on  the  subject  of 
election  expenses  should  be  treated  and  punished  as  if  it  were 
perjury."  But  I  repeat  that  I  am  told  that  a  reform,  with  which 
I  can  thoroughly  sympathise,  has  actually  been  of  late  effected^  on 
this  point  of  bribery ;  and  that  the  next  House  of  Commons  will, 
so  far,  be  one  of  unprecedented  purity. 

*  At  least  I  can  say  that  it  would  surprise  as  well  as  pain  me 
if  I  were  to  learn  that  a  single  person  had  been  bribed,  out  of  all 
those  who  lately  returned,  at  three  elections,  the  six  Conservative 
members  for  Dublin.' 

IVom  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Caxden-strbet,  Camden  Towir, 
*July  31,  1852. 

*  I  shall  not  get  any  converts,  for  two  neasons : — 1.  All  the 
great  parties  would  be  against  it ;  2.  Nine-tenths  of  the  electors. 
Who  wants  the  people  to  have  time  to  think  P 

*  The  proposal  to  allow  the  Crown  to  name  candidates  at  a 
given  time,  if,  by  the  laches  of  the  constituent  body,  none  were 
named  before,  would  have  made  an  outcry,  which  would  have  been 
answered  immediately ,  by  references  to  cases  in  which  a  public 
trust  placed  in  private  hands  lapses  if  it  be  not  executed  :  e.  g.  if 
the  patron  of  a  living  do  not  present  within  six  months,  he  loses 
his  right,  and  the  bishop  gains  the  presentation. 

*As  to  curry  powder,  which  the  poor  Duke  of  Norfolk  did 
recommend,  as  you  state,  I  cannot  make  sonnets,  but  I  have  before 
now  made  epigrams ;  and  when  the  burst  of  public  ridicule  came 
on  the  Duke — and  all  dukes — some  of  the  newspapers  defended 
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them  by  giving  a  list  of  dukes  who  had  been  in  this  and  the  other 
]>attle.    Whereupon  the  following  came  into  my  head : — 

^  Oh !  what  than  a  duke  can  be  prouder, 
Or  who  shonld  be  chanted  out  louder  P 
The  dukes  all  in  battle  have  stood, 
And  because  they  have  been  food  for  powder 
They  offer  us  powder  for  food. 

*  Don't  betray  me. 

^  My  plan  would  greatly  diminish  the  quantity  of  oath-taking. 
NoWy  the  candidates  can  have  the  bribery  oath  administered  to  all 
•electors,  and  often  do.  At  the  same  time  I  don't  care  for  their 
having  oaths.  I  only  want  the  penalties  of  perjury,  as  in  the 
declarations  which  have  been  substituted  for  oaths  in  affidavits. 

*I  got  your  seal,  and  the  title,  good  for  an  advertisement. 
Tour  seal  shows  that  between  you  and  Adam  come  Bcotchmen. 
How  many  generations  of  Irish  ancestors  have  you  ? 

*  When  you  see  the  librarian  of  T.  0.  D.,  or  any  Irish  biblio- 
^apher,  professional  or  amateur,  will  you  inquire  whether  there 
are  any  copies  known  to  exist  in  Ireland  of  the  editions,  first  and 
second,  of  Lucas  Facioli's  Summa  di  Arithmetical  &c.,  the  earliest 
printed  work  on  algebra.  An  Italian,  Prince  Boncompagni,  who 
is  writing  on  this  work,  is  collecting  all  the  accounts  he  can  of 
separate  copies.  Nor  is  it  unnecessary,  for  in  the  same  edition  of 
the  same  book  three  different  first  pages  have  been  discovered,  and 
there  may  be  more. 

^The  last  day  of  letters  prepaid  in  money.  Henceforward 
Qtiot  epistohe^  tot  capita  regincBy  but  not  the  converse.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  OfiSERVAiosT,  August  3,  1852. 

'  For  the  satisfaction  of  an  amateur  astronomer  of  my  acquaint- 
ance, I  have  spent  some  hours  this  morning  on  calculations, 
extremely  easy  in  principle,  respecting  the  intersections  of  the 
orbits  of  some  of  the  asteroids.  If  /m,  n  and  Xm,  n  denote  the  lati- 
tude and  longitude  of  the  northern  intersection  of  the  great-circle 
orbits  of  an  m*^  and  an  n*^  small  planet,  and  if  Ceres,  Pallas,  and 
Juno,  be  taken  as  the  planets  1,  2,  3, 1  find,  using  the  elements 
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in  Herschel's   large  "Astronoiny"   (London,   1849,  Appendix, 
page  647)  the  following  numbers : — 

/,„=  10°  9'  55"-4 ;    ii„  =  187°  47'   0"-7  (Ceres,  PaUas). 
/„»=  8  17  16-65;   X„,  =  209  49  31-0  (Ceres,  Juno). 
/„,-  0  38    7-1;      X2,8  =  173  39  12-1  (PaUas,  Juno). 

*  I  won't  answer  iorfractiom  of  seconds,  but  shall  be  surprised 
if,  so  far  as  the  mere  trigonometry  is  ooncemed,  any  one  of  these 
results  shall  be  found  to  be  a  wkok  second  wrong,  as  a  deduction 
from  the  above-mentioned  elements.  Slight  changes  in  those 
elements  might  sensibly  affect  the  results ;  and  I  do  not  hazard 
any  opinion  as  to  the  possible  effects  of  perturbation,  nor  have  I 
computed  the  radii  vectores.  But  if  my  arithmetic  be  right,  so 
far,  it  seems  to  be  unfavourable  to  the  notion  of  the  asteroids  being^ 
fragments  of  an  old  exploded  planet.  On  the  great  circle  which 
represents  the  heliocentric  orbit  of  Juno,  the  northern  intersections 
with  the  orbits  of  Ceres  and  Pallas  seem  to  be  distant  from  each 
other  by  an  interval  of  more  than  thirty-six  degrees.  If  I  should 
find  myself  inclined,  as  a  variety,  to  carry  these  little  calculations 
any  farther,  do  you  think  that  the  numerical  results  would  be 
worth  sending,  to  occupy  a  page,  or  less,  of  the  Philosophicat 
Magazine?  [I  suspect  nof] 

^  You  may,  in  the  meantime,  judge  that  I  have  no  dislike  to 
arithmetical  or  trigonometrical  calculation,  and  that  if  I  do  not 
foork  more  in  that  way  than  I  do,  it  is  merely  because  I  imagine 
my  time  to  be  otherwise  more  usefully  employed — an  opinion 
which  the  elder  Struve  urged  on  me  as  his  own,  and  as  that  of 
other  continental  astronomers,  at  Oxford  in  1847,  in  terms  more 
strong  than  I  should  willingly  repeat ;  for  though  you  may  not 
believe  it,  I  have  a  little  modesty  I 

*  August  4, 1852.  This  is  my  47th  birthday,  and  my  younger 
son  Archibald's  17th.  Without  any  deliberate  pre-arrangement, 
we  were  brought  into  the  world  by  the  same  accoucheur,  old  Dr. 
Labatt  (who  was  not  the  person  engaged  to  attend  my  wife,  but 
was  sent  out  by  him),  within  an  hoi4r  or  two  of  being  exactly  thirty 
years  asunder !  There  was  some  talk  of  calling  him  '*  Halley,''  as 
the  comet  was  just  about  to  appear :  at  least  his  second  name  is 
Hemy,  of  which  you  know  the  Falstaffian  abridgment  is  Hal. 
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He  is  a  tremendous  book-worm ;  I  consult  his  memory  on  all  sorts 
of  things.    He  is  also  a  good  boy.' 

[The  seoond  sheet  of  this  letter  is  unfortunately  not  extant — 

lost  or  destroyed.    It  probably  contained  Hamilton's  account  of 

his  ancestry  :  %ee  conclusion  of  De  Morgan's  letter  of  August  10. 

~B.  P.  G.] 

From  the  Same  to  the  Same. 

<  Obsektatobt,  Auffust  S,  1852. 

*  I  can  spare  for  Mrs.  De  Morgan,  if  you  think  it  worth  while^ 
offering  to  her  in  my  name,  the  enclosed  lithograph  of  the  original 
letter,  in  which  Wolfe  sent  to  a  friend  of  his  the  well-known  lines 
on  the  death  of  Sir  John  Moore. 

'  Sheet  2  X  will  be  finished  in  a  day  or  two,  and  then  there 
will  remain  only  a  short  Preface,  about  which  I  must  really  comult 
you. 

*  I  wish  you  would  at  once  give  me,  as  freely  as  you  please,  any 
general  hints  about  what  you  think  would  be  prudent  and  proper 
on  the  occasion — even  as  to  whether  the  first  or  the  third  person 
would  be  best  to  adopt — only  remembering  that  I  do  not  promise 
to  do  more  than  carefully  to  weigh  any  advice  so  given.  Only 
part  of  a  week  remains  to  me,  but  I  write  quickly,  when  in  the 
mood. 

*  P.  S. — Lady  H.  and  my  daughter  were  saying,  at  breakfast 
this  morning,  that  they  should  like  to  see  De  Morgan  here.' 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camden-stkeet,  Camden  Town, 
'  Atigust  9,  1852. 

*  Tours  received — both  the  old  and  the  new. 

*  The  results  you  mention  would  be  quite  worth  recording.  I 
suspect  the  actual  augmentation  of  the  number  of  small  planets,. 
and  the  possible  augmentation,  have  rather  a  tendency  to  destroy 
the  old  idea  of  a  planet  split  to  pieces.  Looking  at  the  nebular 
hypothesis — which  will  be  very  much  looked  at  in  the  century 
coming — the  idea  strikes  one  of  a  ring^  nearly  thick  enough  for 
maintenance,  broken  by  some  accident.  If  so,  these  little  animals* 
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will  Bwarm  in  a  certain  zodiac ;  or  perhaps,  if  Saturn's  ring  be  not 
solid,  but  composed  of  very  many  and  close  satellites,  we  have  in 
the  asteroids  the  rudiments  of  such  a  ring. 

*  I  am  at  bibliography  again,  with  the  intention  of  giving 
something  in  the  Companion  to  the  Almanack  next  year.  By  way 
of  a  fair  trial,  I  took  down  from  my  shelves  the  first  four  old  books 
which  presented  themselves,  binding  myself  in  thought  to  make 
the  trial,  how  much  error  and  confusion  would  arise  out  of  the 
four,  either  from  the  description  others  have  given  of  them,  or  the 
description  they  give  of  themselves.    I  thought  it  probable  that 

four  books  would  yield  tico  cases :  they  have  yielded  four,  as  you 
shall  see  in  time.' 

From  tfie  Same  to  the  Same. 

*  7,  Cakden-stbeet,  Camdek  Towk, 
'Auffust  10,  1852. 

*  My  wife  is  very  much  obliged  by  the  lithograph,  which  is  very 
interesting.    Now  as  to  your  points  of  difficulty. 

'  As  to  the  first  or  third  person,  I,  for  one,  diagoze  the  third 
person  (old  Cambridge  verb  active,  for  "repel  with  disgust.") 
Tome 

^  Segnius  irritant  animum  demissa  per  <*  ille," 
<  Qoam  qu88  sunt  '^  ego ''  subjecta  fideli. 

*  I  disgoze  also  "  we  "  from  an  author  writing  under  his  own 
signature.  And  our  English  is  so  entangled  by  want  of  genders 
and  inflexions,  that  when  "  he,"  the  author,  and  "  he,"  the  reader, 
get  mixed  up  in  a  sentence,  as  they  certainly  will  do,  the  clauses 
will  change  meanings,  as  Hamlet  and  Laertes  did  rapiers  in  the 
scuffle.  No !  No  I  keep  I  to  take  care  of  No.  1,  and  let  "  he  "  be 
the  reader  =  "  he  or  she,"  and  let  "  it "  be  the  book. 

'  Your  preface  should,  I  think,  give  a  concise  and  well- dated 
historical  account,  with  a  reference  in  intelligible  bibliography,  to 
everything  you  have  published.  This,  with  a  total  absence  of  all 
apology  or  deprecation — in  fact,  an  assumption  of  the  right  to 
invent  quaternions,  to  write  on  them,  and  to  print  the  book — may 
be  joined  to  anything  you  please  that  is  not  actionable. 

*  I  got  your  account  of  your  ancestry :  the  following  may  try 
whether  you  have  any  Scottish  feeling  left. 
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[He  then  gives  the  famous  brutality  of  Dr.  Parr  in  reply  to  Sir 
James  Macintosh  about  O'Quigley,  ending  with  the  words :  ^*  He 
was  an  Irishman ;  he  might  have  been  a  Sootohman."  j 

'  What  will  an  Irish  Hamilton  say  to  the  last  clause  P ' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsb&yatobt,  Atiffust  11,  1852. 

*  This  is  my  little  daughter's  twelfth  birthday,  and  I  hunted 
for  your  puzzle  [square  dissected  into  three  squares]  to  amuse  her ; 
but  the  solutions,  such  as  they  are,  have  been  made  out  by  my- 
self. Do  you  suppose  that  any  third  is  possible  P  The  red  ink  is 
a  birthday  present  from  her^  which  I  found  on  my  pillow,  in  a 
parcel  with  pens,  &c.,  when  I  awoke  pretty  early  this  morning ; 
that  is  always  her  notion  of  her  birthday,  that  she  is  to  make  the 
presents.    Her  mamma  found  a  pretty  parasol. 

'  Are  these  your  solutions  of  the  puzzle  P  The  pieces  had  been 
missing  for  some  time,  and  only  turned  up  to-day.' 

From  the  Same  to  the  Same. 

<  Obssbtatort,  August  13,  1852. 

'You  asked  me  lately  whether  I  knew  anything  of  Chasles' 
new  work.  Traits  de  Qiomitrie  SupSrieure.  He  has  had  the  good- 
ness to  send  me  a  copy,  and  I  read  this  morning,  honestly  and 
fairly,  the  first  six  chapters  throtigh^  to  the  end  of  page  80,  not 
skipping  anything,  but,  on  the  contrary,  detecting  several  mis- 
takes of  the  press,  not  after  all  very  important,  nor  perhaps 
worth  noticing  at  all. 

*  Besides  regularly  reading  so  far,  I  have  skimmed  much  more, 
and  eyen  read  with  care  some  parts,  up  and  down,  near  the  end. 
I  think  I  have  now  a  perfectly  clear  notion  of  homographic  figures, 
and  of  some  other  connected  things.  But  what,  as  you  may  guess, 
more  interested  me  just  at  present,  was  Chasles'  view  about 
imaginaries,  and  his  application  of  it  to  imaginmn/  circles,  and  their 
connexion  with  real  cones.  It  seems  all  very  good,  but  appears  to 
have  no  relation  to  the  quaternions. 

*  Since  you  say  I  must  give  dateSy  I  must  postpone  publication 
for  at  least  a  ueek  beyond  next  Monday ;  and  if  anyone  happens 
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to  speak  to  you  about  my  book  (London  I  know  has  other  things 
to  think  and  talk  of),  you  may  say,  if  you  ohoose,  that  some  slight 
causes  of  delay  will  prevent  it  from  appearing  quiie  so  soon  as  was 
announced,  but  that  it  will  almost  certainly  be  out  before  the  end 
of  this  month.' 

Froni  A.  Db  Morgan  to  Sir  "W.  R.  Hamilton. 

'  7,  Camdrn-stbeet,  Gavdest  Town, 
<  AuguU  16,  1852. 

*  Yours  received.  I  am  just  come  in  from  Heme  Bay,  seven 
miles  from  Canterbury,  where  I  have  been  reading  novels  for  three 
days,  and  where  I  have  left  my  family.  I  have  no  doubt  your 
iico  solutions  were  the  only  ones  possible.  I  was  told  by  the 
inventor,  H.  Perigal,  that  there  were  only  two. 

^  Never  mind  the  waiting  a  day  or  two,  or  advertisements. 
Dates  are  of  as  much  importance  to  an  historian  as  to  an  Arab. 
The  Arab,  however,  has  to  dry  his ;  the  historian's  are  as  dry  as 
possible  from  the  outset.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*  Obsbbvatobt,  AuffU9t  20,  1852. 

*  Without  any  peculiar  call  of  conscience  to  do  so,  I  have  been 
reading  sermons  all  this  morning,  an  old  theological  essay  of  my 
own  included,  which  was  printed  in  the  Irish  Ecclesiastical  Journal 
for  (I  think)  May,  1842.  Tou  are  not  very  likely  ever  to  happen 
to  meet  that  essay,  or  short  Paper,  on  the  Ascension — of  which  I 
could  send  you  a  written  copy,  only  that  it  might  look  contro- 
versial ;  but  the  only  controversial  hit  which  it  contained  was,  will 
you  believe  it,  directed  against  an  English  clergyman,  who  after- 
wards came  over  here,  and  became  my  rector  and  friend — if  a  lay- 
man may  speak  of  his  rector — and  who  is  now  a  bishop  in  England. 
I  complained,  and  (I  think)  in  conversation  afterwards  convinced 
him,  that  he  had  not  been  orthodox  enough.  If  you  ever  read  my 
Paper  you  will  see  that  I  am  quite  as  Trinitarian  as  Athanasius, 
only  I  have  a  different  mode  of  expressing  myself.  If  you  have 
any  wish  to  know  my  sentiments,  you  must  not  assign  too  much 
importance  to  my  having,  in  a  letter  of  some  months  ago,  attributed 
(I  speak  from  memoiy)  what  many  persons  of  my  own  Church 
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might  oonaider  too  liitU  importance  to  "  hypostatioal "  questions. 
I  go  with  the  Catholic  Ohnrch  (that  of  England  and  Ireland 
included)  on  those  points ;  but  do  not  regard  the  scholastic  aspect 
as  the  vital  one.  The  influence  on  the  heart  and  affections,  rather 
than  on  the  intellect,  seems  to  me  to  be  the  important  thing :  and 
I  am  not  sure  that  I  shall  not  enclose  a  copy  of  that  old  Essay  of 
my  own,  with  perhaps  a  sonnet  which  dared  to  versify  the  Te 
Deumy  as  examples  of  the  manner  in  which  Trinitarian  doctrines 
may  be  accepted  without  injury  to  charity.  Whatever  you  may, 
in  that  case,  think  of  my  writings  on  such  subjects,  I  feel  quite 
mre  that  you  must  be  pleased  with  a  sermon,  of  which  I  think  of 
sending  you  soon  a  printed  copy,  by  the  Rev.  George  Salmon — 
the  Mathematician,  whose  works  you  know — preached  at  a  recent 
Ordination  held  by  the  Archbishop  of  Dublin,  and  yet  in  which  (I 
think)  you  could  scarcely  find  a  single  sentence  to  object  to.  (Quite 
otherwise  with  my  Essay — you  would  object  to  every  sentence  in 
it.) 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camdbk-street,  Camden  Town, 
<  August  23,  1852. 

'  I  have  just  finished  sorting  our  friend  Baily's  correspondence. 
What  a  man  I  He  kept  and  put  into  the  rest,  in  alphabetical 
order,  acceptances  of  invitations  to  dinner,  apology  from  the  candle 
man  for  the  defects  of  the  last  batch,  the  printed  request  of  the 
Assurance  Office  to  know  if  the  individual  underwritten  (who 
happened  to  be  A.  De  M.)  was  of  good  health  and  sober  habits, 
et  multa  similiora.  I  have,  however,  settled  what  shall  be  sent  to 
Airy  to  be  preserved  at  Greenwich,  and  what  shall  be  destroyed. 
One  or  two  letters  from  you  on  astronomical  subjects  are  among 
the  former.  Tour  handwriting  is  diminishing  as  you  grow  older, 
and  so  I  see  is  mine.  We  ought  all  to  write  a  round  hand  copy 
now  and  then,  or  at  least  to  keep  a  very  broad-edged  pen,  as 
M  do,  and  use  It  sometimes^  writing  large  enough  to  show 
tMte  loops  unblotted. 

*  This  job  being  finished,  I  can  find  time  to  turn  to  you  and 
your  orthodoxy. 

^  1.  You  say  that  you  are  as  Trinitarian  as  Athanasius,  and 
afterwards  [that  you  go  with  the  Catholic  Church.    If  so,  you  are 
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as  Trinitarian  as  the  Athanasian  Creed,  which  is  a  great  deal  more 
Trinitarian  than  Athanasius. 

*  2.  Going  with  the  Catholic  Church,  you  do  not  regard  the 
scholastic  aspect  as  the  vital  one.  The  Athanasian  Creed  does,  and 
it  M  the  creed  of  the  C.  C. 

*  3.  In  your  versification  of  the  Te  Deum  you  Trinitarianize  it» 
As  it  stands  no  Arian  would  ohject  to  it,  provided  he  might  take 
it  literally,  without  any  implications  from  other  sources.  I  have 
often  heard  it  asserted  that  the  Lord's  Prayer  is  Trinitarian. 

*  4.  In  your  sunshine  in  the  Cathedral  I  am  totally  puzzled. 
Is  it  Herschel,  Forbes,  and  Hamilton,  who  are  "  in  essence  one  ; 
in  name  and  office  three  "  P  If  so,  you  would  be  called,  if  you  mean 
the  comparison  to  apply  to  the  Trinity,  trithekticy  by  all  the  writers 
on  the  controversy.  If  you  mean  that  the  Church  is  in  essence,  &o,y 
I  do  not  understand.  I  am  curious  to  know  what  you  have  read 
on  the  history  of  this  controversy. 

*  Tour  "  sermon,"  to  which  you  prophesy  the  strongest  opposi- 
tion on  my  part,  is  the  only  thing  against  which  I  have  nothing* 
to  say.  r  can  dispute,  on  historical  evidence,  that  Athanasius  was 
an  Athanasian.  I  can  settle  by  its  own  creed  what  the  Church  of 
England  professes.  I  can  dispute  the  right  of  anyone  to  Trini- 
tarianize old  formulae  made,  as  I  believe,  before  the  Athanatdan 
doctrine  of  the  Trinity  was  in  existence ;  and  I  can  cry  **  heresy  '^ 
against  any  one  who  understands  the  Trinity  in  unity  as  a  cor- 
relative idea  to  that  of  the  one  notion  man  existing  in  three  different 
men.  But  your  ''conjectural"  account  of  the  Ascension  I  am 
wholly  without  any  means  of  either  disputing  or  confirming. 

*  Finally,  you  are,  what  very  many  Churchmen  are — Boman 
Catholics  say,  most — a  high  ArtaUy  but  you  do  not  know  it — say  a 
high  high- Arian ;  or,  at  least,  your  language  bears  that  oonstruo- 
tion  to  a  person  who  is  so  hackneyed  in  the  terms  of  the  controversy 
as  myself.  I  do  not  think  there  is  much  real  Athanasianism  in 
the  Church  of  England.  But  primary  and  secondary  meanings  of 
words  are  so  mingled,  that  two  persons  who  communicate  on  the- 
subject  need  a  dictionary  of  definitions — ^not  a  chapter. 

*  Here  is  an  adroit  play  upon  a  word  in  its  two  meanings : — 
'B.  Bobinson,  a  Baptist  minister,  well  known  in  the  last 

century,  was  in  bad  odour  in  his  sect,  for  various  heterodoxies;, 
among  others  it  was  supposed  that  he  did  not  admit  any  corporal 
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or  personal  existenoe  to  the  Devil.  A  lady  of  his  sect  once  said 
to  him  :  ''  Mr.  Bobinson,  is  it  really  true  that  you  do  not  believe 
in  the  Devil  P  "  ''  Believe  in  the  Devil,  madam/'  said  Bobinson, 
**  certainly  not ;  I  believe  in  God — don't  you  ?  " 

'  I  believe  I  returned  you  my  wife's  best  thanks  for  the  litho- 
graph of  the  monody  on  Sir  John  Moore.  It  is  a  very  deciBive 
piece  of  evidence. 

*As  you  have  copied  for  my  amusement,  I  will  copy  for 
yours,  that  you  may  see  what  low  practical  jokes  I  can  descend  to. 
I  found  among  Baily's  papers  a  valentine,  which  I  caused  to  be 
fient  to  him,  in  the  handwriting  of  a  fair  Irish  cousin  of  mine,  a 
little  while  after  the  publication  of  the  Flamsteed  papers.  I 
supposed  he  guessed  from  whom  it  came.'* 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

'  Obsekvitort,  August  26,  1852. 

'  Mrs.  Flamsteed's  letter  to  Mr.  Baily  is  exquisitely  humorous ; 
and  I  will  not  show  it  to  anyone  who  (like  Lady  Hamilton,  to 
whom  I  have  not  shown  it)  might  be  apt  to  consider  it  profane. 

'  The  particular  trinity  which  I  had  in  view  in  my  Ely  sonnet 
was  the  sisterhood  of  the  three  Protestant  Episcopal  Churches  of 
England,  Scotland,  and  Ireland,  represented,  for  the  moment,  by 
their  three  respective  members — Herschel,  Forbes,  and  myself, 
nightly  or  wrongly,  I  took  those  three  Churches  as  »  one  Church. 
That  the  three  of  us  should  happen  to  be  kneeling  together  (quite 
close,  in  the  Dean's  pew,  or  seat,  or  whatever  it  is  to  be  called), 
struck  me  as  noticeable,  especially  as  the  sudden  sunshine  im- 
pressed whatever  was  poetical  or  excitable  in  myself  at  the 
moment ;  and  falling  in  with  other  cathedral  images  and  associa- 
tions, led  me  to  compose  the  sonnet  in  question,  which,  after  all,  I 
had  no  particular  right  to  call  a  '*  trinitarian  "  one. 

'  It  was  composed  (in  1845)  without  any  pencil  or  paper,  &c., 
while  I  paced  the  long  cathedral  walks  after  Divine  service, 
Herschel  and  Lady  Herschel  having  also  remained  in  the  edifice, 
and  being  engaged  in  examining  some  of  the  architectural  points 
thereof.    After  some  time  we  met,  under  the  lofty  ^'lantern"; 

[*  See  De  Morgan's  Budget  of  Paradoxes,  p.  188.    See  also,  supra,  p.  44.] 
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and  I  recited  to  them  my  as  yet  unwritten  sonnet  of  the  day. 
After  a  while  Herschel  drew  me,  or,  if  you  will  have  it  so,  /  drew 
//{'m,  into  a  conversation  about  the  quaternions,  at  Dean  Peacock's 
residence,  where  we  were  guests  together;  and  some  gentleman, 
whose  name  I  forget,  said  afterwards  that  he  had  heard  and 
remembered  so  much  as  this  of  the  dialogue,  that  I  had  ventured 
to  express  an  opinion  to  the  efFect,  that  ^'a  quaternion,  or  a  function 
of  a  quaternion,  might  be  the  law  of  the  universe."  [Unpolarised 
plu^  polarised  intensity  =  a  function  of  time  and  space.]  Next 
morning,  as  my  bedroom  adjoins  Herschel' s,  and  thin  partitions 
did  my  madness  from  his  great  wit  divide,  I  early  heard  what 
Burns  might  have  called  a  "  crooning  " ;  and  was  not  much  sur- 
prised, though  of  course  looking  out  for  a /an,  when,  before  we  sat 
down  to  breakfast  at  the  Deanery,  Lady  Herschel  handed  me,  in 
her  husband's  name,  and  her  own — for  he  had  contrived  to  bring 
her  into  it — a  sonnet  of  h%%  to  m^,  which,  unless  the  spirit  of  egotism 
shall  seize  me  with  some  unexpected  strength,  I  have  no  notion  of 
letting  you  see.  You  did  return  me  the  thanks  of  Mrs.  De  Morgan 
for  the  lithograph :  I  was  glad  that  it  gave  pleasure.' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Camdek-street,  Camden  Town, 
*  August  30,  1852. 

*  Tour  sheet  and  proof  received.  Now  teU  me  the  history  of 
the  facsimile  of  Wolfe's  monody.  When  was  it  done  P  Where  is  it 
referred  to  in  the  printed  discussions  on  the  authorship  ?  There 
has  been  a  good  deal  of  reference  to  the  subject  in  the  ^'  Notes  and 
Queries";  but  I  have  not  seen  the  fammik  referred  to.  Who 
vouches  for  Wolfe's  handwriting  P 

'  With  your  letter  came  one  from  Peacock,  who  reports  himself 
restored  to  health,  and  able  to  work  "  several  hours  "  a-day.  His 
edition  of  Young's  works  was  nearly  jBnished,  and  was  burnt  in  the 
fire  at  Clowes's.  It  is  now  being  reprinted,  so  a  Peacock  is  a 
Phoenix. 

'  I  never  should  have  guessed  the  solution  of  the  three  Churches. 

*  In  the  first  place  they  are  not  three.  "  The  United  Church 
of  England  and  Ireland"  is  one  Church — not  in  any  sense  two — 
by  article  5  of  the  Act  of  Union  they  are  "  one  Protestant  Episco- 
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pal  *'  Church.  The  PuBeyites,  in  rejecting  the  word  Protestant, 
have  aotuallj  shown  themselves  ignorant  of  the  legal  name  of  their 
own  Church.  However,  not  to  be  guilty  of  the  ferocity  of  quoting 
an  Act  of  Parliament  against  a  sonnet,  what  would  the  High 
Church  English  say  if  they  knew  you  have  brought  the  non- 
episcopal  church  of  Scotland  into  communion  with  them — they, 
of  whose  churchmanship  bishops,  priests,  and  deacons,  are  the 
essence — ^sometimes  the  whole  essence,  for  they  frequently  forget 
the  laity  altogether  P 

'  Your  commerce  of  sonnets  (Herschel's  and  yours)  is  a  curious 
revelation  of  the  inner  life  of  the  mathematicians.  Who  would 
have  believed  it  P  Some  day  I  hope  you  will  send  me  that  sonnet, 
in  spite  of  your  determination.  Herschel  is  a  man  of  poetical 
elements,  as  the  American  said.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

<  Observatobt,  August  31,  1852. 

*  I  suspect  that,  as  I  thought  months  ago,  I  must  give  up  his- 
tory— perhaps  leaving  it  to  you — at  all  events  to  some  future 
writer,  who  may  be  myself ;  I  am  too  near  the  subject  just  now. 

*  If  you  write  soon,  address  to  me  at  Belfast  (British  Associa- 
tion). Though  resolved  not  to  discuss  theology  with  you,  I  still 
intend  to  send  you  Salmon's  sermon.' 

From  the  Same  to  the  Same. 

*  Observatort,  September  I,  1852. 

'  I  must  have  been  t>ert/  obscure,  although  perhaps  not  more 
than  usually  so,  in  that  Ely  sonnet,  and  in  my  explanation  of  it. 
Professor  (James)  Forbes,  the  one  who  has  experimented  on  heat, 
and  observed  the  motion  of  the  glaciers,  is  a  Scottish  Episcopalian, 
not  a  Presbyterian.  I  had  no  notion  of  including  the  '^  kirk"  in  my 
little  trinity  of  Churches ;  I  am  far  too  much  a  churchman  for  that. 
What  you  say  about  the  English  and  Irish  Protestant  Churches  being 
one,  by  the  Act  of  Union,  is  quite  true;  but  since  in  common  parlance 
they  are  treated  as  two,  and  in  some  practical  respects  are  still 
distinct,  I  thought  myself  free  in  a  sonnet  to  treat  them  as  being 
such. 

*  When  I  was  at  Edinburgh,  in  1850, 1  went  to  Bishop  Terrot's 
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church  and  heard  him  preach ;  I  also  formed  some  acquaintance 
with  him.*  The  Duchess  of  Kent  attended  another  Protestant 
Episcopalian  Church — or  perhaps  it  is  to  be  called  chapel,  although 
large — at  the  same  time.  I  had  been  in  the  some  beautiful  city 
twice  before — in  1834  and  in  1827.  In  1834  I  attended,  out  of 
politeness,  at  a  Presbyterian  place  of  worship;  in  1827,  I  am 
ashamed  to  say  that  I  cannot  remember  whether  I  went  to  church 
at  all.  At  Belfast,  next  Sunday,  I  have  some  expectation  of  hear- 
ing my  own  Archbishop  (Whately)  preach.  He  does  so,  now  and 
then,  in  my  own  parish  church  of  Castleknock,  the  same  with  which 
Swift  was  connected,  if  I  haye  not  wrongly  caught  up  that  story. 
Did  you  ever  hear  that  I  was  served,  about  a  year  and  a-half  ago, 
with  a  "  Monition  "  from  the  Archbishop's  Court,  enjoining  me,  as 
one  who  had  been  elected  a  churchwarden  by  my  co-parishoners 
to  remove  certain  emblems,  especially  a  dove  and  a  pelican,  which 
were  held  by  his  Grace  to  be  superstitious  or  unscriptural,  from  a 
large  and  handsome  stcdned-glass  window,  which  was,  during  my 
year  of  office,  erected  at  the  east  end  of  the  said  parish  church,  at 
the  expense  of  a  pious  widow  P  An  inscription,  in  which  she  had 
brought  Qod's  name  and  her  husband's  somewhat  too  closely 
together,  was  also  objected  to;  but,  what  had  scarcely  occurred 
to  me  as  likely,  the  Archbishop  was  willing  to  leave  in  the  deceased 
husband's  name,  if  we  struck  out  the  name  of  Grod.  He  has,  I 
believe,  a  theory,  which  perhaps  you  also  hold,  that  it  is  Popish  to 
regard  decorations  of  houses  of  worship  as  contributing  to  the 
honour  of  God ;  and  I  counted  myself  fortunate  that,  under  the 
greater  scandal  of  the  ioindowy  the  present  of  a  handsome  organ^ 
costing  perhaps  a  couple  of  himdred  pounds,  and  anonymously 
made  by  a  nephew  of  my  wife  while  I  was  a  churchwarden, 
escaped  without  censure  or  remark.  It  was  rich  to  see  the  frightened 
air  of  the  apparitor,  when  he  served  me  with  the  Monition  !  He 
had  heard,  I  suppose,  of  an  unecclesiastical  use  of  windows,  but  we 
were  on  the  ground  floor  at  the  time;  and  besides,  I  was  (and  am) 
far  too  dutiful  a  son  of  the  Church  to  be  rude  to  my  Archbishop's 
messenger.    So  I  asked  him  to  sit  down,  chatted  about  the  forms 


*  Bishop  Terrot  has  published)  and  no  doubt  discovered  for  himself,  an 
interesting  and  curious  case  of  Gotes's  Theorem ;  but  I  am  sony  to  say  that  I 
have  since  found  it  to  be  anticipated  by  one  of  the  fiernoullis. 
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of  service,  and  told  him  that  I  had  expected  some  such  thing,  which 
was  the  truth.  In  fact,  I  flatter  myself  that,  though  I  had  made 
some  unsuccessful  attempts  to  divest  myself  of  the  office  of  church- 
warden (which  the  law  of  the  land,  I  am  told,  does  not  suffer  a 
churchman  to  decline],  I  was  of  some  real  u%e  in  the  matter  of  the 
window,  by  acting  as  a  sort  of  mediator  between  parties. 

*My  rector  is  a  personal  friend  of  the  widow,  a  lady  now 
resident  in  England,  but  whose  husband  is  buried  in  (mi^  church- 
yard, and  had  given,  somewhat  hastily — for  he  did  not  even 
oonsult  his  own  wife ! — a  permission  to  have  the  window  erected. 
The  Archbishop,  somehow,  became  jealous — I  won't  say  that  he 
may  not  have  conscientiously  disapproved  of  things  in  which  I 
could  see  no  harm — he  was  my  superior  and  teacher  in  the  affair ; 
but  many  of  us  fancied,  that  if  he  had  been  early  enough  aaJted  he 
might  perhaps  have  made  no  objection.  My  co-churchwarden  was  a 
still  higher  churchman  than  myself,  and  had  been  wishing  to  present 
our  parish  church  with  another  painted  window.  The  lady's  feelings 
were  to  be  soothed,  and  a  chaplain's  importance  to  be  conciliated. 
Altogether  there  was  a  precious  mess ;  and  trouble  enough  I  had ; 
but  I  repeat  that  I  think  I  was  of  me.  The  window  stands,  an 
emblem  or  two  being  removed,  according  to  orders,  and  the  whole 
inscription  being  boarded  over.  The  lady  thanked  me  for  my 
pains,  and  the  Archbishop,  last  winter,  at  a  party  of  Lord  Claren- 
don's, putting  his  hand  on  my  shoulder,  pronounced  me  an  honest 
man  ! — dpropos  to  something  about  Lord  Bosse.  What  I  consider 
especially  f ortimate  is,  that  we  all  escaped  the  newspapers ;  for  so 
much  correspondence  passed,  between  one  lady  and  several  gentle- 
men, including  a  prelate,  chaplain,  rector,  two  churchwardens, 
and  even  a  lawyer — not  counting  the  scribe  of  the  "  Monition  " — 
that  when  it  was  all  over,  another  nephew  of  my  wife  observed 
that  a  simple  and  obvious  mode  of  effacing  everything  objected 
to  in  the  window  would  have  been  to  paste  over  it  all  the  letters 
that  had  passed  ! ' 


*  I  shall  probMy  be  buried  there.  It  would  be  a  luxury,  which  I  have  little 
right  to  hope  for,  to  be  buried  in  the  College  vaults.  If  I  have  time  to  make 
up  money  for  the  purpose,  I  may  perhaps  arrange  to  be  committed  to  earth  with 
my  father,  mother,  and  sisters,  in  the  graveyard  of  St.  Mary's,  in  DubHn.  But 
Castleknook  would  do  very  well.  I  am  ^uite  willing  to  imagine  that  the  sub- 
ject will  bear  to  be  deferred. 
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From  A.  De  Morgan  io  Sir  W.  B.  Hamilton. 

*  7  Camdek-btr£et,  Camden  Town, 
<  September  1,  1852. 

I  meant  to  have  reminded  you  that  printers  have  a  yillainous 
habity  still  growing,  of  putting  books  a  year  f orward,  when  the 
title-page  is  printed  in  the  last  months  of  any  year.  Priority 
will  be  damaged  some  of  these  days  by  this  praotioe.  Fray  do  not 
only  make  them  put  1852  on  the  title,  but  state  when  the  printing 
began.  I  can  bear  witness  that  you  meant  to  be  out  at  Christmas 
last,  and  that  I  knew  it  couldn't  be. 

*  Bemember  delivery  of  MSS.  to  printer  is  publication^  to  say 
nothing  of  delivery  of  proofs  and  fair  sheets  to  me. 

^  I  like  your  determination  not  to  discuss  theology.  You  send 
paragraph  or  sonnet,  and  I  send  answer — Yoili  la  discussion  com- 
meno^e.  As  the  proverb  says,  **  The  fray  begins  at  the  second 
blow."  You  mean  that  you  withdraw  the  record  after  the  defen- 
dant's answer,  and  issue  a  new  writ,  e.  g.  Salmon's  sermon  yet  to 
oome.    Mem. — ^I  will  read  it,  even  if  it  be  of  the  n'^  order. 

*  Now  your  theology  brought  back  into  my  head  the  old  lines 
which  were  written  on  a  Bible,  at  the  time  when  private  judgment 
began  to  develop  itself — 

'  Hio  liber  est  in  quo  qnsBrit  sua  dogmata  quisque, 
Invenit  et  pariter  dogmata  qoisque  sua. 

And  then  there  came  into  my  head  a  paraphrase 

'  One  day  at  least  in  every  week 

The  sects  of  every  kind 
Their  doctrines  here  are  sure  to  seek 
And  just  as  sure  to  find. 

From  all  this  you  will  gather  that  I  have  received  the  fair  sheet, 
2  Y  I  think. 

*  I  hope  your  trip  to  Belfast  vrill  do  you  good.  For  myself, 
solitude  is  my  relaxation.  When  my  family  go  away  to  the  sea, 
and  all  the  people  leave  town,  and  I  sort  iJl  the  letters,  and  put 
everything  to  rights,  I  feel  what  I  used  to  hear  called  an  agreeable 

iuh: 
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From  Sir  W.  E.  BLimilton  to  A.  Db  Morgan. 

'  0bS£S7AT0RT,  September  2,  1852. 

*  I  wrote  a  long  letter  (two  sheets  of  note-paper)  to  you  yester- 
day, yet  believe  that  I  did  not  say  a  word  about  the  lithograph  of 
the  ode  on  the  death  of  Sir  John  Moore,  by  Charles  Wolfe.  It 
is  very  easy  for  me,  however,  to  give  you  full  satisfaction  on  that 
subject.  The  Uthograph  was  published  in  1841,  in  the  Proceedings 
of  the  Boyal  Irish  Academy,  the  original  letter  of  Wolfe  havings 
been  produced  before  that  body  on  the  26th  of  April  in  that  year, 
during  my  Presidency,  but  while  my  friend  Humphrey  Lloyd  was 
occupying  the  chair  in  my  absence.  It  was  Dr.  Anster,  the  Irish 
translator  of  Famty  who  produced  the  letter  or  fragment,  which  had 
been  found  by  Dr.  Luby,  now  Senior  Fellow  of  T.O.D.,  among  the 
papers  of  a  deceased  brother  of  his  own,  who  was  a  college  friend 
of  the  writer  and  receiver  of  that  letter.  At  this  moment  I  speak 
literally  "  from  book,"  namely,  from  Part  V.  of  the  Proceedings  of 
the  R.  I.  A.,  for  the  year  1840-41,  where  the  lithograph  is  inserted^ 
between  pages  88  and  89.  But  as  I  am  on  cordial  terms  with 
Doctors  Lloyd,  Anster,  and  Luby  (Luby,  author  of  a  Trigonometry ^ 
&Q.)y  it  would  cost  me  nothing  to  make  a  little  farther  inquiry,  if  you 
could  possibly  think  it  worth  while.  Dr.  Anster  remarked  to  the 
Academy  that  it  was  not  his  object  to  treat  seriously  the  '^  insane 
pretensions,  now  and  then  put  forward  in  the  newspapers  for  this 
person  or  the  other,"  but  rather  to  furnish,  and  place  on  record,  an 
authentic  copy  of  the  ode,  from  the  text  of  which  some  deviations 
have  been  made  in  print:  such  as  the  erroneous  substitution  of 
"  suddenly  "  for  "  sullenly  "  firing.  Wolfe  was  before  my  time, 
but  I  am  acquainted  with  his  biographer.  Archdeacon  Bussell; 
and  a  deceased  friend  of  mine,  the  Rev.  Dr.  Samuel  O'Sullivan^ 
who  knew  a  vast  deal  about  Irish  life  and  society  in  a  now  past 
generation,  often  told  me  that  he  was  tcith  Wolfe,  during  a  part  of 
the  time  when  the  poetical  afflatus  was  upon  him,  in  connexion 
with  the  subject  of  the  ode. 

*  I  ought  to  be  in  Belfast  now,  and  hope  to  be  so  to-morrow. 
My  Preface  is  a  horrid  bore  to  me.  There  is  so  much  that  I  wish  ta 
say,  and  so  little  time  or  even  space  for  saying  it,  and  I  so  much 
wish  to  do  justice  to  other  people,  while  I  have  so  Httle  hope  of 
being  able  to  do  it.    In  short  I  think  that  I  must  just  cut  the 
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knot,  by  one  desperate  sword-stroke,  and  oome  forward  as  a  dis- 
ooverer,  perhaps,  but  not  as  an  historian. 

'  Your  joke  about  the  *^  dates  "  amused  Lady  Hamilton.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Cajcdeit-st&set,  Camdrit  Towk, 
<  September  3,  1852. 

*  I  understand  you  at  last.  Prop.  It  is  legitimate,  at  least  for 
poetry,  to  consider  the  trinity  as  analogous  to  three  churches 
in  three  different  countries.  But  there  is  an  older  proposi- 
tion. You  remember  the  story  of  the  mathematician  returning 
Paradise  Lost  with  "  What  does  it  prove  "  P  He  might  easily  have 
been  answered.  It  proves  that  it  is  impossible  to  introduce  the 
Trinity  into  poetry  without  either  Tritheism  or  Arianism.  When 
Milton's  recently-found  book  proved  him  to  have  been  formally 
Arian,  the  learned  world  (at  least  the  reviewing  world)  said  :  ^^  We 
always  thought  so ;  look  at  Paradise  Lost^  They  had  no  right  to 
think  so.  Paradise  Lost  is  but  one  of  two  things,  either  Arian  or 
Tritheistic  by  poetical  necessity. 

*  Now  for  the  church  window.  I  would  bet  five  to  one  (in  Os, 
they  are  my  rouleaux)  that  Whately  was  right.  Emblems  are 
what  they  are  understood  to  mean.  So  says  common  sense ;  so  says 
the  law.  And  the  pelican  is  notoriously  and  distinctively  Roman, 
The  organ  is  not  superstitious,  because  it  suggests  not  more  of  one 
fiide  than  another — in  fact  suggests  nothing  except  what  the  player 
makes  it  suggest  for  the  time  being. 

*  I  do  not  hold  with  the  Archbishop  that  "  it  is  (distinctively) 
Popish  to  regard  decorations  as  to  the  honour  of  Gk)d."  It  is  also 
iSreek  and  English,  to  different  extents.  I  believe  it  to  be  super- 
stitious (which  Popish  is  perhaps  a  synonym  for  in  your  sentence ; 
but  there  are  Protestant  superstitions  which  are  not  Popish) ;  but 
if  I  were  able,  by  holding  up  a  finger,  to  abolish  superstition  and 
mysticism,  I  would  not.  I  should  as  soon  take  the  hot  manure 
away  from  a  plant  before  it  was  fit  to  draw  its  nourishment  from 
the  soil.  Eeligion  unmixed  with  superstition  does  not  assimilate 
with  the  mental  organs,  and  will  not  until  a  far  higher  state  of 
cultivation  is  attained.  But  we  must  keep  what  approach  we  have 
made,  and  not  fall  back,  and  therefore  the  pelican  must  be  abolished. 
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^  Not  only  ohurohmen,  but  dissenters,  are  bound  to  serve  as 
ohurohwardens,  and  dissenters  not  unfrequently  do  serve  in  Eng* 
land.    And  without  going  to  church  during  service  time. 

^  My  notions  about  burial  would  shock  a  poet.  If  I  had  quite 
my  own  way  in  the  matter,  I  should  say,  '*  Let  the  machine  in 
which  I  have  done  duty  be  carried  to  those  whose  business  it  is  to 
mend  it  while  in  action,  that  they  may,  by  examination  of  it, 
become  better  qualified  to  mend  other  machines.  If  you  want 
some  of  my  remains  to  perform  a  ceremony  over,  take  any  pair  of 
old  breeches  you  find  in  my  drawers.  As  soon  as  I  have  ceased  to 
think — whether  by  that  which  thought  leaving  the  body,  or  by 
thought  undergoing  a  temporary  annihilation — the  remains  of  the 
animals  which  fed  me,  and  the  remains  of  the  animals  which 
covered  me,  only  differ  in  this — that  the  former  were  worked  up 
by  a  much  more  skilful  workman  than  the  latter ;  and  therefore 
the  former  are  worth  preserving  for  examination,  while  the  latter 
may  be  buried  if  you  please."  Now  I  will  give  you  time  to  re* 
cover  from  the  horror  you  will  feel  at  this  bit  of  religion  without 
superstition.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

<  Hoof  Hill  House,  Lubgan, 

<  September  IH,  1852. 

^  In  the  midst  of  packing  for  a  second  change  of  position  (a 
practical  provection — what  would  Donaldson  of  the  Cratylus  say  P), 
I  just  write  this  line  to  acknowledge  that  I  received  at  least  two  or 
three  notes  from  you  at  Belfast,  where  I  made  a  mathematical  com- 
munication which  the  local  newspapers  characterised  as  '^exclusively 
scientific,"  and,  therefore,  not  to  be  reported.  Perhaps  from  my 
next  place  of  rest,  near  the  beautiful  bay  of  Carlingford — this 
place  is  near  Lough  Neagh — I  may  be  able  to  write  to  you.* 

IVoin  the  Same  to  the  Same. 

<  Castle  Hottsb,  Cabli5qford, 

<  September  17,  1852. 

*  The  morning  before  I  left  the  Observatory  for  Belfast,  some 
of  my  children  asked  me  at  breakfast,  as  they  had  often  done 
before,  how  the  Quaternions  were  getting  on.  To  which  my 
answer  was,  Hang  the  Quaternions  !    (I  assure  you  I  had  so  much 
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propriety  left  as  not  to  say  D them ! )    But  now,  after  some 

pretty  complete  diversion  of  thought,  for  a  while,  from  a  subject 
which  had  occupied  me,  perhaps  too  much,  I  am  beginning  to 
feel  an  interest  in  it  again ;  and  to-day,  before  and  after  a  sail  of 
three  or  four  hours  on  the  lovely  bay  (of  Garlingford)  which,  when 
I  raise  my  head,  I  see,  I  quite  enjoyed  reading  some  of  my  own 
articles  on  definite  integrals  in  quaternions,  while  walking  in  an 
old  friend's  garden  here — ^the  friend  whose  guest  I  am.  Several 
other  acquaintances,  in  Garlingford  and  Eostrevor,  claim  a  little  of 
my  time  on  this  occasion  of  my  visiting  this  neighbourhood,  and  I 
do  not  now  expect,  though  anxious  to  get  home,  to  start  as  early  as 
Monday.  Therefore,  if  you  are  inclined  to  write  me  a  line — 
though  I  have  not  yet  answered  your  letters  to  Belfast — please  to 
direct  it  to  Garlingford  (the  place  of  oyster  celebrity,  as  it  this 
moment  comes  into  my  head  to  remember).  It  is  not  unlikelv 
that  I  may  write  to  you  again  to-morrow,  partly  about  the  winding- 
up  of  my  *' publication "  (in  the  common  sense  of  that  word; 
yoursj  I  am  sure,  is  the  correct  one),  and  partly  about  other  things.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Gambek-street,  Camden  Towk, 
'  September  20,  1852. 

'  Just  been  reading  extracts  from  an  Irish  journal  on  the  Duke 
of  Wellington,  and  his  dislike  (alleged)  of  his  own  counby. 
Query  emerges — given  X  -  land,  what  constitutes  an  X  -  man.  The 
Duke  was  of  a  descent  English  within  the  memory  of  man ;  settled 
in  Ireland :  his  mother  Irish :  at  what  period  begins  complete 
Hibemicism  P 

'  I  thank  you  (as  I  suppose)  for  the  Belfast  newspaper.  The 
meeting  seems  to  have  thriven. 

'  I  see  that  Lord  Bosse's  name  is  among  those  quoted  for  the 
Chancellorship  of  Oxford.  Surely  he  would  not  trouble  himself 
with  such  a  post.  As  soon  as  the  Dons  get  a  man  who  would  not 
awe  them,  they  would  pull  him  to  pieces  with  their  feuds. 

'  This  town  is  so  empty  that  it  supplies  no  news. 

^  I  forget  if  I  asked  you  before  who  I.  Walton  was.  He  was 
the  Dublin  opponent  of  Berkeley's  Analyst^  and  published  three 
tracts  in  the  veiy  year  of  the  Analyst.  1  have  a  suspicion  he  was 
the  son  of  old  Isaac,  but  I  cannot  verify  either  way.' 
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le  From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

^     I  '  Obsestatost,  kxar  Dublin, 

,{      !  <  September  25,  1852. 

1  {  '  This  note  ifl  to  telegraph  my  safe  arrival  here,  after  a  little 
1  jour  of  three  weeks  in  the  north  of  Ireland,  which  has  done  my 
x  tealth  and  spirits  so  much  good,  that  Lady  Hamilton  says  I 
1  •  ought  to  go  very  often  to  Carlingford/'  While  there  I  wrote, 
(  Vid  at  Bostrevor  (on  the  opposite  side  of  the  bay)  corrected  and 
3nt  off  to  London  last  Tuesday,  a  little  Paper  for  the  Phil,  Mag,y 
I      t  which  I  received,  and  have  examined,  a  proof  this  morning. 

*P.  S. — I  had  vmtten  your  name  in  a  copy  of  Salmon's 
,  ^(Brtnon  before  starting,  and  shall  look  for  it  presently  in  the 
;    De  Morgan  basket,  but  cannot  stay  to  do  so  at  this  moment.' 

li^om  A.  Db  Moroan  to  Sir  W.  E.  Hamilton. 

'  7,  Camdbk-street,  Camden  Towk, 
<  September  27,  1852. 

*  You  and  your  Bostrevor  note  probably  travelled  to  Dublin 
together,  and  the  note  and  your  Dublin  note  also  travelled 
together,  and  arrived  together  this  morning.  So  your  want  of 
strategics  has  cost  you  a  penny.  As  you  are  come  home  in  wild 
health  and  spirits  you  will  probably  not  care,  but  put  it  down  to 
travelling  expenses. 

*  Your  basket  reminds  me  (did  I  tell  you  P)  that  I  have  had 
fifty  little  portfolios  made  for  3d.  a-piece.  I  dare  say  you  could 
^t  them  in  Dublin  for  2d.  Nothing  but  two  sheets  of  thin 
pasteboard,  4to  size,  vrith  three  bits  of  book-covering  cloth  or  paper- 
imitation  (the  young  people  could  make  them  beautifully)  pasted 
on,  so  as  to  open  out  wedgewise,  but  with  parallel  planes  (this  is 
important).  Accordingly,  I  have  arranged  all  my  letters  in 
alphabetical  order.  But  H  is  a  heavy  letter  even  without  you  and 
jour  namesake ;  so  you  have  a  portfolio  to  yourself.  You  have 
no  idea  what  a  provocative  to  order  and  decency  is  the  having  a 
number  of  little  receptacles  ready. 

*  I  have  just  been  getting  up  (for  Phil.  Mag.)  the  early  history 
of  infinitesimals  in  England.  Few  of  us  know  that  Leibnitz  was 
perfectly  well  known  in  England  before  the  dispute,  and  that 
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Newton's  first  provooative  to  an  imperfect  publioation  was  ^s  and 
infinitely  small  quantities  paraded  under  his  own  eyes  by  an 
English  writer  (Craig),  who  lent  him  his  MSS.  to  read. 

'  What  of  Quaternions  P  I  too  may  ask ;  but  I  suppose  you  are 
really  on  eve  of  publioation. 

^  Don't  forget  Isaac  Walton  of  T.  C.  D.,  the  Iri%h  assailant  of 
Berkeley ;  he  is  much  unknown.  Misspelt  Wihon  in  Thomson's 
History  of  Royal  Society.  Mr.  Salmon  is  on  the  spot,  I  think,  to 
look  at  records.    I  will  read  his  sermon  as  I  said  before.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

<  Obsebyatost,  September  29,  1852. 

*  You  remind  me   of  sending  you    Salmon's    sermon :    the 
pamphlet  itself  I  had  not  forgotten ;  on  the  contrary,  I  took  it  out 
of  your  basket  yesterday,  and  read  it  for  my  own  satisfaction^ 
pencilling,  from  memory,  in  the  middle  of  page  twenty,  the  word 
^vaiol.    Just  now  I  have  asked  my  boys,  and  their  tutor,  but  with- 
out success,  to  find  in  the  Greek  Testament  the  passage  referred  to, 
which  I  remembered  to  run  thus  :  ii  yvwaiq  tpvmoiy  ri  Sc  ayav}}  ocko- 
So/ici.     I  have  just  found  it  for  myself,  in  1  Cor.  viii.  1.     Perhaps^ 
in  this  instance,  my  memory  is  more  of  the  heart  than  of  the  head ; 
for  I  remember  the  passage  being  quoted  to  me  in  conversation, 
considerably  above  twenty  years  ago,  with  Salmon's  (probably 
received)  interpretation,  as  potential,  not  indicative,  by  one  whose 
blood  yet  cries  from  Irish  earth  against  his  murderers :  the  Bev. 
Mr.  Whitty,  who  was  stoned  to  death  while  returning  from  a  work 
of  mercy.     I  do  not  mean  of  proselytism,  with  which  he  had  not 
much  to  do.     I  have  not  read  Salmon's  sermon  on  Temporal 
Blessings,  but  believe  so  far  in  National  Sins  and  Judgments  as 
to  think  (whatever  my  Archbishop  may),  that  Irish  miseries  are  not 
unconnected,  judicially,  with  Irish  murders.     It  will  be  a  genuine 
satisfaction  to  me,  if — though  it  is  too  good  a  thing  almost  to  hope 

for  —  Fathers  B and  0 shall  be  transported,  for  the 

murderous  assault  on  the  Queen's  troops,  which  they  encouraged 
at  Six-Mile-Bridge.  At  present  I  have  no  sympathy  to  spare  for 
the  criminal  assailants  in  that  business,  who  met  with  so  deserved 

a  punishment. 

*  Will  you  believe,  after  this,  that  I  do  not  even  tn'sh  all  the 
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popish  priests  to  be  hanged,  or  even  banished  P  On  the  oontraryy 
on  giving,  about  a  year  ago,  a  Douay  Bible  (not  Testament),  which, 
by-the-way,  oost  me  something  not  inconsiderable — much  more 
than  a  good  copy  of  the  authorized  version — ^to  a  Boman  Catholic 
female  in  this  house,  I  told  her  to  consult  her  priest  as  to  reading  it : 
and  was  informed  that  he  gave  her  perfect  permission  to  do  so. 
Indeed,  on  a  hint  conveyed  through  her,  the  said  priest.  Father 
Dungan — somewhat  of  the  older  and  better  school  of  Bomish 
ecclesiastics — waited  on  me  soon  afterwards,  and  accepted  a  £1 
for  the  temporal  use  of  his  poor  parishioners ;  that  stipulation  being 
made  by  me,  on  the  ground  that  I  was  a  Protestant  myself. 
"  Well,  Sir,"  said  he,  "  perhaps  you  cannot  help  it ! "  His  charity 
led  him,  as  you  see,  to  cloak  me  with  '' invincible  ignorance." 
But  perhaps  I  have  told  you  all  this  before.  If  I  do  so  a  third 
time,  let  me  know. 

^  At  the  time  of  the  potato  famine  I  refused  to  assist  the  same 
priest  in  some  expressly  popish  enterprise ;  but  offered  him  money 
for  temporals,  which  he,  but  quite  kindly  and  politely,  declined. 
At  that  time  I  gave  away  money  more  indiscriminately  than  I  now 
choose  to  do,  and  he  pointed  to  a  crowd  of  people  who  were  wait- 
ing at  my  door.  Still  I  fancy  that  the  priests  are  now  much 
poorer  than  they  were  a  few  years  ago. 

'  I  have  heaps  of  things  to  say,  about  biquaternions,  &c.,  &c.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

^  7,  CAMDEN-flTREET,  CaUDEN  ToWir, 

*  September  29, 1852. 

'  Please  to  send  me  name  and  address  of  your  printer.  My 
publisher  will,  perhaps,  have  to  ask  him  for  an  estimate  for  a  work 
— ^not  of  mine.  It  is,  in  fact,  Boole  who  is  meditating  typography 
on  his  mathematical  logic,  which  is  a  very  original  thing,  and,  for 
power  of  thought,  worthy  to  be  printed  by  the  printer  of  the 
Quaternions.  As  he  has  Hibemicised  himself,  it  is  fit  he  should 
have  an  Irish  printer,  and  I  rather  suspect  that  the  Dublin  man 
prints  more  cheaply  than  the  London  ones. 

*  You  are  not,  perhaps,  aware  of  the  check  which  there  is  upon 
employing  distant  printers.  It  is  the  difGiculty  of  being  quite  sure 
that  they  do  not  take  off  more  than  the  stipulated  number  of 
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copies,  and  sell  the  overpliis  for  their  own  benefit.  The  thing  has 
been  done.  Of  course  respectable  men  can  be  trusted  not  to  do 
this  :  the  difficulty  is  to  know  the  respectability.  But  there  is  no 
fear  in  the  case  of  mathematical  logic.  Could  you  contrive  a 
check  P  I  see  none  but  the  publisher  f  umishing  the  paper,  and 
having  it  made  for  the  work  with  a  peculiar  water-mark.' 

From  the  Same  to  the  Same. 

'  7,  Caxben-stebet,  Cajcdsn  Towk, 
^October  \,  1852. 

^  I  sent  yesterday  a  missive  for  the  name  and  address  of  your 
printer.  Yours  received  in  the  evening.  Salmon's  argument  that 
God  intended  religion  as  a  means  of  developing  the  inquisitive 
faculties  is,  I  think,  veiy  soimd.  But  it  follows  that  difEerences  of 
opinion  were  intended,  for  a  unanimous  uninfaUibility  would  be 
just  as  drowsy  a  dormitory  as  an  infallible  Church.  Therefore 
you  and  I  are  to  differ  in  opinion,  quod  erat  inveniendum^  or, 
whether  or  no,  quod  fuit  inventum.  Therefore  also  Salmon  and 
I  are  to  differ,  which  we  do  on  one  point.  He  thinks  he  may 
deduce  something  from  the  Epistle  to  Timothy  containing  no 
esoteric  doctrines.  I  think  not.  An  epistle  was  too  public  a  thing 
in  those  days ;  and  Paul  must  needs  know  that  Timothy  would 
have  to  show,  and  probably  permit  copy  of,  his  letter. 

'  I  agree  with  you  in  wishing  that  the  fathers  of  the  Six-Mile- 
Bridge  controversy  may  be  transported  if  the  matter  can  be  proved 
against  them. 

<  All  Catholics,  nowj  introduce  the  salvo  of  "  invincible  igno- 
rance." This  must  be  a  modem  doctrine,  surely,  since  it  is  clear 
that  they  did  believe  that  all  the  heathens — even  those  whose 
ignorance  was  never  assailed — ^were  fated  to  everlasting  perdition. 

*  On  looking  at  a  tract  of  Walton  (about  whom  I  have  a  stand- 
ing inquiry  at  the  Irish  in  general),  I  find  in  it  an  answer  to  a 
tract  of  Berkeley  J  of  which  I  have  never  heard — a  third  tract  in. 
the  Analyst  controversy.  I  never  heard  of  more  than  two  of  Am. 
It  is  entitled  Reasons  for  not  relying  to  Mr.  Walton^ s  full  answer. 
Surely  T.  C.  Library  must  have  everything  of  Berkeley. 

^  As  for  Ireland,  trust  to  the  Exodus — the  best  thing  that  ever 
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liappened.  I  did  in  one  sense  forestall  the  spirit  of  Arohbishop 
Whately's  pun  as  recorded  in  the  newspapers.  I  avowed  mj 
delight  that  the  Irish  had  got  into  Exodus,  because  there  had  been 
fk  great  deal  too  much  Genesis. 

*  When  you  gave  the  pound  to  the  priest /(>r  temporal  purposes^ 
how  do  you  know  that  you  did  not  set  free  another  pound  for 
spiritual  onesP  The  only  offer  I  ever  made  to  subscribe  to  a 
B.  G.  fund  was  when  a  friend  of  mine  (a  new  convert)  informed 
me  that  a  subscription  was  making  to  build  Cardinal  Wiseman  a 
palace.  I  offered  to  be  at  the  expense  of  painting  the  street  door, 
provided  I  might  choose  the  colour  and  the  number.  This  offer 
was  not  accepted.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Mobgan. 

^  Obsebvitokt,  October  3,  1852. 

^  I  have  not  at  this  moment  your  last  note  beside  me,  but  regret 
that  I  have  let  a  couple  of  days  pass  without  answering  it,  although 
60  many  others  have  been  left  much  longer,  and  are  even  still, 
imanswered.  You  inquired  the  name  and  address  of  my  printers, 
or  printer.  He  remonstrated  with  me,  about  a  year  ago,  for  not 
using  the  latter  form  of  grammar  :  being  probably  what  is  called 
a  "  warm  "  man,  and  veri/  probably  far  better  off  than  I  am  in  the 
world ;  but  at  all  events  being  jealous  lest  I  should  fancy  him  to 
have  '^  partners,"  in  a  concern  which  by  honest  industry  he  has 
gradually  made  his  otmy  namely,  the  press  of  this  Dublin  XJniver- 
fiity.  When  I  wish  to  be  polite,  I  address  him,  by  post,  as 
follows : — 

*  "  M.  H.  Gfill,  Esq.,  University  Press  Office,  Dublin." 

^  You  can  judge  already,  from  what  you  have  seen  of  my  sheets, 
respecting  the  fitness  of  his  establishment  to  conduct  scientific 
printing ;  and  I  know  that  he  professes  to  be  ready  to  print  in 
most  languages,  and,  with  a  little  time  for  preparation,  to  promise 
to  print  in  any.  In  short,  he  is  ambitious  of  excellence  in  his 
own  business;  has  printed  for  Salmon,  JeUett,  and  others  in 
Mathematics,  and  (I  think)  for  Hinoks,  in  those  investigations 
respecting  the  strangely  deciphered  characters  of  the  ancient  East. 
With  Am,  if  I  were  again  correcting  the  impression  of  a  passage  in 
Apollonius,  referred  to  in  a  note  to  the  Preface  of  my  Essay  on 
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Pnie  Time,  I  should  not  be  obliged  to  argue^  or  insist,  that  it  made 
some  difference  whether  a  Beta  or  a  Theta  were  used  in  a  Gfreek 
quotation. 

'  It  may  be  a  foolish  shyness,  but  although  I  am  much  better 
acquainted  with  Boole  than  with  you,  as  far  as  talk  goes,  for  he 
took  tea  with  me  at  my  temporary  rooms  in  Christ  Church,  Ox- 
ford, in  1847,  along  with  Adams  and  (I  think)  Wm.  Thomson^ 
and  has  since  met  me  (or  I  him)  at  a  grand  dinner  of  doctors  in 
Dublin,  whereas  I  think  that  I  have  only  met  you  once  in  my  Uf e ; 
yet  still,  the  habit  of  correspondence  makes  so  great  a  difference  in 
the  feeling  of  freedom,  that  I  should,  on  the  whole,  prefer  your 
merely  sending  to  him  the  enclosed  «/tjp,  to  your  letting  him  9ee 
this  note,  however  little  private  in  any  important  sense  it  can  be. 

*  F.  S. — ^The  quotation  was  from  JSuclidy  after  all,  and  the  word 
ffc/SaXAo/uJvii,  which  the  then  printers  of  the  E.  I.  A.  persisted  for 
some  time  in  making  iKdaXXofiivn ;  and  on  my  going  personally 
to  remonstrate,  gravely  assured  me  that  it  was  of  no  consequence !  ^ 

li'om  the  Same  to  the  Samb. 

*  Obsbetatort,  October  4,  1852. 

<  Another  note  has  reached  me  this  morning,  and  I  find  that  I 
can  answer  your  query  about  Walton,  or  at  least  about  the  tract  of 
Berkeley  which  you  mention,  without  consulting  the  Library  of 
T.  C.  D.,  which,  from  distance,  is  nearly  useless  to  me.  Berkeley's 
"  Reasons  for  not  replying  to  Mr.  Walton's  Full  Answer,  in  a 
Letter  to  F.  T.  P.,"  are  printed  at  page  49  (to  page  62)  of  the 
third  and  last  volume  of  a  work  of  which  the  following  is  a  copy 
of  the  title-page : — "  The  Works  of  George  Berkeley,  D.D.,  late 
Bishop  of  Cloyne  in  Lreland.  To  which  is  added  an  Account  of 
his  Life ;  and  several  of  his  Letters  to  Thomas  Prior,  Esq.,  Dean 
Gervois,  Mr.  Pope,  &c.  In  three  volumes.  London  :  printed  by 
J.  F.  Dove,  St.  John's  Square ;  for  Richard  Priestly,  143,  High 
Holbom,  1820." 

*  The  Tract  is  bitterly  ironical,  as  you  may  judge  from  the  twa 
last  sentences  of  its  first  section,  or  division.  '^  But  those.  Sir,  are 
not  the  reasons  I  shall  assign  for  not  replying  to  Mr.  Walton's  full 
answer.  The  true  reason  is,  that  he  seems  at  bottom  a  facetious 
man,  who  under  the  colour  of  an  opponent  writes  on  my  side  of 
the  question,  and  really  believes  no  more  than  I  do  of  Sir  Isaao 
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l^ewton's  dootaine  about  fluotions  (ate),  whiohhe  exposes,  oontradiots, 
and  oonfuteSy  with  great  skill  and  humour,  under  the  mask  of  a 
^rave  vindication."  [The  word  "  fluxions  "  seems  to  be  elsewhere 
ispelled  in  the  usual  way,  throughout  the  Tract.]  My  copy  of  the 
work  is  not  mine  (like  Berkeley,  you  know,  I  am  an  Irishman) ;  it 
belongs  to  the  Earl  of  Dunraven ;  but  if  you  cannot  otherwise  get 
a  sight  of  it,  he  would  probably  let  me  lend  it  to  you.  Of  Walton 
himself  I  know  nothing,  except  what  may  be  collected  from  the 
two  tracts  of  Berkeley :  the  ^^  Appendix,"  and  the  '^  Beasons." 
About  my  own  Appendix,  more  anon.    Yours  again.' 

From  A.  De  Morgan  to  Sib  W.  E.  Hamilton. 

*  7,  Camdbk-stkeet,  Cakdeh  Town, 
<  October  5,  1852. 

*  I  see  you  are  on  bibliographical  P's  and  Q's  with  me,  but  you 
have  forgotten  to  state  whether  your  edition  of  Berkeley,  which  is 
-quite  new  to  me,  is  4to,  8vo,  folio,  12mo,  or  18mo— or  what.  I 
will  not  borrow  it,  for  I  shall  find  it  at  the  British  Museum.  I 
had  Berkeley  in  two  vols.,  4to,  London,  1784;  but  the  idea  of 
43pace  which  they  communicated  was  so  large  that,  as  they  had  no 
mathematical  works,  I  was  obliged  to  sell  them.  I  am  very  much 
obliged  to  you  for  the  reference  to  this  edition.  I  used  to  deal 
with  Priestley,  in  Holbom,  but  I  never  saw  this  edition  exposed 
in  his  shop. 

*  Tour  phrase,  "  my  copy  is  not  mine,"  is  not  a  bull.  It  is 
perfectly  good  English  to  use  the  same  word  in  two  different 
4Benses  in  one  sentence,  particularly  when  there  is  usage.  An 
English  farmer  said :  *^  I  did  not  get  so  much  for  these  calves  as 
I  expected ;  and  I  never  thought  I  should."  To  expect  is  said  of 
the  price  demanded  :  "  How  much  do  you  expect — aek — for  these 
•calves "  P  Incongruity  of  language  is  no  bull,  for  it  expresses 
meaning.  But  incongruity  of  ideas  (as  in  the  case  of  the  Irish- 
man who  was  pulling  up  the  rope,  and  finding  it  did  not  finish, 
•oried  out  that  somebody  had  cut  off  the  other  end  of  it)  is  the 
genuine  bull. 

^  The  late  Dr.  Thomson  of  Glasgow  (the  chemist),  always  spelt 
-*•  Auctions." 

^  I  shall  forward  the  printer's  name  to  Boole.    I  shall  be  very 
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glad  to  see  his  work  out,  for  he  has,  I  think,  got  hold  of  the  true 
oonnexion  of  algebra  and  logio.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

'  Obsertatobt,  October  8,  1852. 

'  The  mere  look  of  this  sheet  may  serve  to  distinguish  it  from 
my  usual  notes,  sufficiently  to  help  your  memory  in  case  of  your 
being  disposed  to  read,  at  some  indefinitely  future  period,  what  it 
may  contain  respecting  some  recent  investigations  of  mine,  without 
troubling  yourself  about  them  at  present.' 

[This  is  the  commencement  of  a  letter  of  12  folio  pages.  The^ 
conclusion  was  posted  on  the  28th  of  October.  It  related  to  Gauche^ 
Polygons,  a  subject  treated  of  by  Hamilton  in  oonmiunications  to 
the  B.  I.  A.  in  1849, 1850,  1853.  See  also  Lectures  on  QuatemionSy 
p.  309.] 

H'om  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Caiiden-stbbet,  Camdeh  Town, 
'  October  23,  1852. 

'  I  am  trying  a  fine  pen  with  which  to  write  in  books.  I  think  anyone- 
would  suppose  1  was  a  small  thin  man,  to  look  at  the  results.  I  have  reoeived 
sheet  I,  possibly  to  be  returned.  This  index  speaks  of  pages  up  to  719.  I  have 
not  received  beyond  704.  Tour  unfinished  letter  is  not  a  bore ;  when  the 
commencement  of  the  session  is  terminated,  I  intend  to  approfound  it. 

'  I  not  only  found  the  edition  of  Berkeley  you  speak  of,  but  another ,  later, 
edited  by  G.  N.  Wright,  London,  1843,  two  vols.,  8vo.  It  is  singular  that  two 
editions  of  Berkeley  should  have  been  so  recent,  and  hardly  anybody  have  heard 
of  them.  The  more  so,  as  Wright  says  some  liberties  were  taken  with  Berkeley's 
text  in  the  quarto  edition. 

'Having  given  the  nibbler  a  fair  trial,  I  now  resume  my 
ordinary  pen.  I  shall  send  you,  in  a  few  days,  a  paper  on  the 
early  histoiy  of  infinitely  small  quantities  in  England.  It  is  but 
a  little  specimen  of  the  suppressions  whioh  national  oontroversy 
gives  rise  to.  From  the  moment  when  Newton  declared  against 
infinitesimals  (1704),  whioh  till  then  he  hsul  exclusively  used  ixk 
fluxions,  the  English  world  agreed  to  suppose  that  they  never  had 
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been  used  here,  and  to  forget  the  works  in  which  they  had  been 
need.  All  these  works  are  now  absent  from  the  Boyal  Sooiety 
library,  except  Newton's  Prineipia. 

*  A  student  of  mine  asked  me  to-day  to  give  him  a  reason  for  a 
fact  which  I  did  not  know  was  a  f act,  and  do  not  yet.  He  says, 
that  if  a  figure  be  anyhow  divided,  and  the  compartments 
differently  coloured,  so  that  figures  with  any  portion  of  common 
boundary  line  are  differently  coloured — four  colours  may  be 
wanted,  but  not  more.  Query  cannot  a  necessity  for  fiye  or  more 
be  inyentedP  As  far  as  I  see  at  this  moment,  if  four  ultimate 
compartments  have  each  boundary  line  in  common  with  one  of  the 
others,  three  of  them  inclose  the  fourth,  and  prevent  any  fifth  from 
connexion  with  it.  If  this  be  true,  four  colours  will  colour  any 
possible  map,  without  any  necessity  for  colour  meeting  colour 
except  at  a  point. 

'Now,  it  does  seem  that  drawing  three  compartments  with 
common  boundary,  two  and  two,  you  cannot  make  a  fourth  take 
boundary  from  all,  except  by  inclosing  one.  But  it  is  tricky 
work,  and  I  am  not  sure  of  all  convolutions.  What  do  you  say  P 
And  has  it,  if  true,  been  noticed  P  My  pupil  says  he  guessed  it 
in  colouring  a  map  of  England.  The  more  I  think  of  it,  the  more 
evident  it  seems.  If  you  retort  with  some  very  simple  case  which 
makes  me  out  a  stupid  animal,  I  think  I  must  do  as  the  Sphynx 
did.  If  this  rule  be  true,  the  following  proposition  of  logic 
follows: — 

'  If  A,  B,  C,  D,  be  four  names,  of  which  any  two  might  be 
confounded  by  breaking  down  some  wall  of  definition,  then  some 
one  of  the  names  must  be  a  species  of  some  name  which  includes 
nothing  external  to  the  other  three.' 

From  Sir  W.  B.  Hamilton  to  A.  Ds  Morgan. 

<Obsebvatort,  October  2^^  1852. 

'  I  am  not  likely  to  attempt  your  **  quaternion  of  colours ''  very 
soon. 

'  The  difficulty  about  that  horrid  "  Preface  "  of  mine  is  the 
historical  one.  If  f/ou  were  in  the  humour,  and  found  time,  to  send 
me  any  sketch  of  your  own,  of  the  history  of  ^'  Double  Algebra," 
or  even  of  the  history  of  your  otcn  extensions  and  improvements 
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thereof,  I  should  be  onlj  too  happy  to  insert  suoh  sketch  in  an 
Appendix.  But  that  is  probably  too  good  a  thing  to  hope  for. 
Some  time  or  other  I  trust  that  you  wiU  publish  some  historical 
account  of  our  friend  v^^,  going  back,  by  all  means,  to  the 
Hindoos — about  whom  I  know  less  now  than  when  I  was  a  boy. 
Meanwhile  I  shall  give  you  one  little  bit  of  modem  confession  or 
record  on  the  subject,  which  naturally  interests  myself. 

'  In  page  xiy  of  the  Preface  (Yorrede)  to  Orassmann's  Ausdeh' 
nungslehrBf  a  pety  original  work,  published  (it  appears)  at  Leipzig, 
in  1844 — Verlag  von  Otto  "Wigand — which  work,  if  any,  the 
Germans,  if  they  think  me  worth  noticing,  will  perhaps  set  up  ia 
rivalship  with  mine,  but  which  I  did  not  see  till  long  after  my  own 
views  were  formed  and  published.  In  that  page  xiv  Q-rassmann 
says,  under  date  "  Stettin  der  28,  Juni  1844,'*  ..."  Eben  so 
nun  zeigte  sich  auch  umgekehrt,  wie  man  vermittelst  der  so 
gefundenen  Bedeutung  des  Imaginaren  auch  die  Gesetze  der 
Analyse  innerhalb  der  Ebene  ableiten  kann,  hingegen  ist  es  nioht 
mehr  moglich,  vermittelst  des  Imaginaren  auch  die  Qeaetze/urden 
Eaum  abzuleiten.  Auch  stellen  sich  iiberhaupt  der  Betrachtung 
der  Winkel  im  Raume  Schwierigkeiten*  entgegen,  zu  deren  allseitiger 
Losung  mir  noch  nicht  hinreichende  Musse  geworden  ist." 

'  The  underpointings  are  my  own.  But  I  think  that  I  mu^t 
cite  this  passage,  because  Gbassmann  has  a  non-commutatiye 
principle  of  multiplication  of  his  own,  although  the  foregoing 
passage  (dated  June,  1844)  seems  to  prove  that  he  had  not  then  (nor, 
so  far  as  I  have  learned,  since)  the  notion^  much  less  the  lawe  of 
the  quaternion,  which  I  communicated  to  the  B.  I.  A.  in  October 
and  November,  1843,  and  of  which  an  outline  was  printed  in  the 
Philosophical  Magazine  for  July,  1844.' 


*  I  did  not  consider  myself  to  have  so  much  as  begun  the  geometrical  theory  of 
the  Quaternions — ^for  an  algebraioal  (or  metaphysical)  theory  of  m^  had  been  long 
previously  in  my  head — till  1  had  (as  I  thought,  and  still  think)  conquered  those 
difficulties  for  angles  in  space^  which  Qrassmann  avows  to  have  been  inextricably 
perplexing  him  when  <*  publishing  "  several  months  later,  in  1844. 
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From  A.  De  Morgan  to  Sib  W.  E.  Hamilton. 

'  7,  Cahdbn-street,  Cavpsk  Town, 
<  Oc<o&cr  29,  1852. 

*  To  write  anything  worthy  of  your  book  at  the  beginning  of  a 
Session  is  not  at  all  on  the  cards  for  me.  Moreover,  I  should  think 
you  might  well  content  yourself  with  a  well-dated  account  of  your 
own  doings,  and  of  the  analogous  ones,  so  far  as  they  touch  triplets 
OT  quaternions.  The  doublets  you  might  assume.  You  would  thus 
<enable  others  to  secure  your  own  rights,  and  Gfrass-mann  (quere,  is 
his  Christian  name  Nebuchadnezzar  ?)  would  fall  at  once  into  his 
proper  place.  The  thing  most  requisite  is  a  faithful  account  of 
what  you  had  seen  up  to  publication — I  mean  not  a  full  account  of 
all  the  books,  but  general  notice. 

*  JEx,  gr.  when  I  wrote  my  Logic  I  gave  an  account,  in  general 
terms,  of  aU.  I  knew  of  any  attempt  to  deal  with  the  syllogism, 
otherwise  than  Aristotelically.  From  this  it  appears  that  I  knew 
of  one  work  of  Ploucquet.  Tour  Scottish  synonyme,  in  his  recent 
work,  finding  himself  unable  to  refer  to  his  charge  of  pillaging 
himself,  finds  out,  or  thinks  he  finds  out,  some  of  my  ideas  in  other 
works  of  Ploucquet,  which  he  mentions,  and  thereupon  charges  me 
with  pillaging  Ploucquet,  whose  tcritings  (the  man  uses  the  plural) 
lie  says,  I  admit  I  had  read.  Now  I  am  safe,  and  the  charge  is  un- 
worthy of  any  notice,  for  all  who  believe  me  commonly  honest  (and 
4a*gument  from  me  will  be  of  no  use  with  others)  will  see  that  I 
knew  of  but  one  work  of  Ploucquet,  and  that  one  not  one  of  those 
"which  Sir  W.  H.  cites  as  containing  the  matter  in  question. 

*By  the  way,  when  you  send  me  German,  clarify  it  into 
JBnglish.  For  I  belong  to  the  school  which  reads  G-erman  with  a 
xlictionary,  and  guesses  the  syntax ;  or,  if  it  be  mathematics,  makes 
the  equation  translate  the  paragraph  immediately  preceding  it.  If 
j'ou  cite  the  passage,  translate  it.' 

lyom  Sib  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsbbvatory,  October  ZS,  1852. 

^  At  last  I  have  fairly  dashed  into  my  Preface-writing,  having 
decided  to  continue,  although  as  briefly  as  I  can,  a  sketch  which  I 
began  before  I  went  to  Belfast,  of  the  progress  of  my  own  thoughts 
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on  the  whole  subject,  and  especially  to  give  a  yery  abridged  aocount 
of  mj  old  view  of  Pure  Timoy  taking  great  pains,  however,  to 
avoid  your  old  (and  not  ill-natured)  charge  of  '^  dogmatism/'  by 
not  pretending  that  mine  is  the  otily  view  which  can  be  taken 
of  the  matter.  As  it  really  was  the  parent  of  the  quaternions,  so 
I  have,  over  and  over  again,  returned  to  the  opinion,  resbted 
through  unwillingness  to  seem  to  insist  too  much  on  my  own  old 
speculations,  that  some  general  knowledge  of  the  point  of  vieWy 
from  which  I  looked  at  algebra  long  ago,  would  be  a  really  useful 
preparation  for  a  student  of  my  later  speculations  on  geometry. 
He  would  thereby  see  how  natural  it  was  for  me  to  use,  in  the 
latter  science,  some  notations  which  at  first  seem  strange ;  and  other 
advantages,  I  think,  would  follow. 

'  You  may  keep  the  unrevised  half-sheet  of  Contents ;  but  I 
wish  you  to  return  the  enclosed  slips  of  an  Appendix  (C),  which 
will  be  found  somewhat  stiff  (I  suspect)  by  readers  for  some  time 
to  come.  It  records,  in  a  condensed  form,  the  leading  steps  of  a 
long  analysis;  and  the  condensation  has  cost  me  more  trouble,  I 
think,  than  the  original  investigation  did.  On  the  same  principle, 
the  composition  of  the  Table  of  Contents  was  perhaps  the  most 
laborious  part  of  my  work.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

<  7,  Caxdbk-st&ebt,  Camdkk  Town, 
^  November  %y  1852. 

^  I  got  your  note,  and  I  think  I  got  from  you  a  newspaper 
to-day,  about  the  Historical  Society,  for  which  thanks.  I  am  glad 
to  hear  that  you  mean  to  give  your  own  history  at  least,  and  that 
is  all  which  can  be  claimed.  I  am  up  to  my  ears  in  series  and 
mean  values.  I  believe  I  have  put  the  subject  on  the  same  footing 
as  any  question  of  limits.  You  take  the  Philosophical  Magazine,  I 
think.  If  you  do,  it  is  not  worth  while  to  bother  you  with  separate 
copies  of  Papers  in  it,  unless  you  bind  tracts  methodically.' 

From  Sir  W.  B.  Hamilton  to  A.,  Ds  Morgan. 

*  Obsksyatobt,  November  16, 1862. 

^  My  manuscript,  for  slips  five  and  six,  which  is  already  in  the 
compositor's  hands,  begins  with  the  word  '*  triplets " ;  but  a  note 
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has  been  appended  to  that  word,  viz. : — '^  These  remarks  on  triplets 
are  now  for  the  first  time  published."  I  think  that  they  will 
interest  you,  as  showing  how  far  I  had  gone  in  February,  1835/ 

From  the  Same  to  the  Same. 

*  Obsekyatort,  November  18,  1852.  • 

^  You  need  not  trouble  yourself  to  return  the  enclosed  slip.  I 
shall  ask  the  printers  to  send  me  another  copy. 

*  When  I  get  slip  six,  and  forward  you  a  copy  of  it,  you  will 
find  some  equations  transcribed  from  a  manuscript-book  of  Febru- 
ary,  1835,  respecting  the  precise  date  of  which  it  is  impossible  for 
me  to  have  any  doubt  whatever.  Even  the  place  where  I  wrote 
the  investigation  is  recorded  in  that  old  manuscript;  it  was  Kilboy, 
the  seat  of  Lord  Dunalley,  near  Nenagh,  who  is  not  distantly  con- 
nected with  my  wife's  family,  and  who,  although  he  has  never  had 
occasion  or  opportunity  to  show  more  than  civility  to  her  or  me, 
exhibited  in  former  years  his  sense  of  relationship  by  very  substan- 
tial proofs,  such  as  purchasing  commissions  in  the  army  for  more 
than  one  brother  of  hers — since  dead.  If  it  were  needful,  or 
becoming,  I  could  attest  in  a  court  of  justice  the  genuineness  and 
date  of  the  manuscript-book  from  which  I  have  quoted,  as  having 
had  nothing  added  to  it  since  the  month  already  mentioned.  But 
I  hope  that  few  if  any  persons  will  think  me  such  a/00/,  as  to  set 
up,  at  this  time  of  day,  any  claim  grounded  on  that  manuscript, 
especially  as  against  you.  That  would  be  too  ridiculous;  and 
though  I  can  bear  ridicule,  I  do  not  court  it.  As  soon  as  your 
Paper  on  Triple  Algebra  (of  which  you  sent  me  a  proof-sheet)  was 
published,  I  felt  that  the  time  for  gracefully  claiming  the  posses- 
sion of  triplets  was  lost  to  me.  Accordingly  you  may  have  noticed 
that  I  have  been  since  extremely  guarded  and  cautious  in  my 
printed  allusions  to  the  subject.  See,  for  instance,  the  last  page  of 
my  quarto  Essay  [Pint  Series  of  Researches  on  Quaternions),  pub- 
lished in  1847.  But  it  seems  to  me  that  if  I  now  put  on  record 
some  old  conceptions  and  results  of  my  own,  to  which  I  have  more 
than  once  in  print  alluded,  even  so  long  ago  as  the  very  year  1835, 

*  The  date  reminds  me  how  differently  70a  are  all  engaged  to-day  in  London. 
I  have  just  been  reading  D'Israeli's  speech  respecting  the  Duke  of  Wellington^ 
and  have  admired  it,  and  sympathised  with  the  nation. 
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in  whioh  chiefly  the  investigationB  were  oonducted,  I  oannot  be 
supposed  to  wish  to  appropriate  to  myself  any  part  of  the  oredit 
which  has  been  justly  acquired  by  you,  to  whom  those  investiga- 
tions were  (except,  perhaps,  by  name)  unknown.  And  if  I  do  not 
now  publish  some  sketch  of  those  old  things  of  mine,  it  would  be 
rashly  sanguine  in  me  to  hope  that  it  will  e^er  be  published.  This 
is  my  only  opportunity,  so  far  as  I  can  hope,  and  is  one  purchased, 
probably,  by  an  inconvenient  outlay  of  money,  which  I  am  not 
likely  to  repeat. 

^  But  it  is  scarcely  fair  to  seem  to  ask  for  advice  on  a  point,  on 
which,  after  all,  I  must  act  on  my  own  responsibility.' 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Cascdbn-strbet,  Caicden  Towk, 
'  Nwember  [20],  1862. 

^  I  have  got  all  the  slips  of  preface  up  to  six,  just  received,  and 
have  read  them.  You  are  quite  right  in  resuscitating  1835.  As 
to  me,  or  anybody  else,  there  is  no  occasion  for  reserve.  I  remem- 
ber, as  I  have  mentioned  to  you,  that  before  I  wrote  on  triple 
algebra  in  detail,  I  announced  in  one  of  my  Papers  that  an  algebra 
of  those  dimensions  would  require  symbols  cu  and  O,  such  that 
«  +  6<ii  +  cQ  =  0  means  a  «  0,  6  =  0,  c  =  0.  You  answered  the  receipt 
of  that  Paper  with — as  to  the  above  announcement — words  of 
agreement  existing,  as  opposed  to  words  of  acceptance. 

*  I  did  not  go  to  the  Duke's  funeral.  My  wife  and  daughter 
did,  and  were  not  over-struck,  except  with  the  soldiery.  I  have 
hardly  met  with  a  person  who  was  much  struck.  The  car  I  have 
heard  pronounced  a  cross  between  a  locomotive  and  a  fire-engine. 
The  whole  thing  was  so  unlike  the  Duke,  that  the  incongruity 
seems  to  strike  most  people.  A  procession  of  carriages  cannot  be 
made  striking ;  I  sincerely  hope  it  will  be  the  last  carriage  prooes- 
sion  ever  attempted.  The  banners,  heralds,  &c.,  are  not  even  voted 
trumpery — nobody  says  a  word  about  them.  Except  hearing  of  a 
little  child  who  took  Charter  King-at-Arms  for  a  beef -eater,  I  have 
not  heard  that  great  officer  of  state  mentioned.  So  much  for  1852 
treated  to  a  taste  of  1552.  If  I  were  set  to  teach  arithmetic  to 
O.  K.-at-A.,  I  would  make  him  write  1852  -  1552  =  300  as  the 
first  instance  in  definition  of  -  .  And  if  I  were  set  to  teach  him. 
Latin,  I  would  make  him  construe  ^^  Omne  ignotum  pro  magni- 
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fioo  "  thus :  ''  Talk  of  the  grandeur  of  a  procession  to  those  who 
stay  away." 

*'  You  oould  invest  it  all  with  a  poetio  halo,  and  forget  that  the 
light  was  all  of  your  own  oontributing ;  but  I  am  obliged  to  look 
for  all  that  suggestion  from  without. 

'  So  no  more  heterodoxy  at  present  from  yours  truly.' 

From  Sir  W.  B.  Hamilton  io  A.  Ds  Morgan. 

<  Obsbbtatobt,  Noownher  24,  1852. 

'It  would  have  been  very  unlike  your  oharaoter,  if  you  had 

disliked  my  '^  resusoitating ''  those  old  triplets  of  mine.    But  I 

have  suffered  so  much  annoyance,    although  not  lately,  from 

sensitiyeness  of  other  people  to  their  imagined  rights,  that  I  have 

been  made  sensitive,  or  over-cautious,  on  the  subject.    If,  by  any 

good  fortune  for  me,  you  have  preserved  that  first  letter  of  mine  to 

you  to  which  you  have  alluded,  I  shall  be  ciirious  to  know  whether 

it  does  or  does  not  contain  the  remark  that  if  my  views  about  time 

were  correct,  there  mu%t  be  to  be  found,  not  merely  triplets^  but 

"polyplets/**    I  am  certain  that  such  a  remark  was  in  my  head 

at  the  time  of  my  writing  to  acknowledge  your  first  Paper  on  the 

[Foundation  of  Algebra,  and  quoting  Kant.    Indeed  I  have  reason 

to  be  Bure  that  I  wrote  to  you  to  that  effect :  but  what  I  am  not 

certain  about  is,  whether  I  %ent  what  I  had  written.     For  although 

I  have  not  been  a  particularly  timid  correspondent,  especially  with 

jou,  it  has  several  times  happened  that  if  a  thing  were  not  at  once 

sent  off,  I  thought  it  too  free,  or  too  restrained,  or  too  something- 

or-other,  to  be  done  anything  with,  except  being  put  into  the  fire. 

*  After  all,  there  is  very  little  in  common  between  your  Paper 
on  Triple  Algebra  and  my  old  investigations  respecting  triplets. 
The  general  suggestion  of  '*  the  idea  of  inventing  a  distinct  system 
of  unit-symbols,  and  investigating  or  assigning  relations  which 
define  their  mode  of  action  on  each  other,"  you  very  distinctly  and 
honourably  referred  to  the  publication  of  my  Paper  on  Quaternions 
in  the  Philosophical  Magazine  for  July,  1844.  Tou  seem  to  sup- 
pose that  I  "passed  over  Triple  Algebra  altogether,  on  the  supposi- 
tion that  the  modulus,  if  any,  of  a^+bfi-i-  cZ  must  be  y/{d*  +  i*  +  c*)." 
It  is  true  that  I  tcished  for  such  a  modulus,  as  a  child  might  wish 

*  SuprOf  vol.  ii.,  p.  343. 
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for  the  moon ;  but  you  had  probably  never  seen,  or  had  f or- 
gotten,  the  closing  sentence  of  my  published  Essay  of  1835 ;  and 
you  are  now  aware  that  in  the  unpublished  triplet  system  of  that 
year  which  least  dissatisfied  me,  I  had  three  real  and  linear  moduli^ 
connected  with  a  system  of  three  rectangular  lines.' 

From  the  Same  to  the  Same. 

<  Obsebtatobt,  November  25,  1852. 

*  I  enclose  an  old  scrap,  which  I  lit  on  just  now  among  my 
papers.    It  seems  to  have  been  written  as  a  hint — not  used,  I 
fancy — ^f or  a  letter  to  you,  on  the  occasion  of  your  sending  me  the 
proof-sheet  (or  sheets)  of  your  Paper  on  Triple  Algebra.    I  really 
do  not  see  how  my  old  investigations  on  triplets  could  have  assisted 
you  in  drawing  up  that  Paper,  ef)en  i/ihej  had  been  known  to  you, 
which  (beyond,  perhaps,  the  name)  I  knowy  that  they  were  not. 
But  for  that  veiy  reason,  the  obvious  independence  of  the  two  trains 
of  calculation,  except  so  far  as  relates  to  the  mere  notion  of  *^  inventing 
a  distinct  system  of  unit-symbols,"  which  you  were  careful  to  assign 
to  me,  my  old  things  on  the  subject  are  still  as  good  as  newy  and 
may  (as  you  seem  to  agree  with  me  in  thinking)  be  not  merely 
without  impropriety,  but  with  some  sort  of  utility,  or  interest, 
published.    I  cannot  at  present  assert,  and  do  not  at  present 
believe,  that  I  had  anticipated  the  discof>ery  of  any  one  of  your 
particular  triple  systems.     And,  on  the  other  hand,  such  examina- 
tion as  I  have  yet  given  to  your  Paper  on  Triple  Algebra  does 
not  enable  me  to  see  that  you  he^ve  forestalled  the  publication  of  any 
one  of  those  particular  systems  which  interested  me  in  February, 
1835.     Therefore  in  now  publishing  some  sketch  of  my  investiga- 
tions of  that  date — and  trouble  enough  it  has  given  me  to  renew 
lately  my  own  understanding  of  those  old  calculations,  bristling  all 
over  as  they  do  with  symbols  of  the  form  1/^*,  and  not  entirely 
free  from  y^IT — I  hope  that,  on  the  one  hand,  I  am  making  Bome 
little  contribution  to  science  itself,  and  not  merely  to  the  literature 
or  history  of  science ;  and  on  the  other  hand,  am  not  expecting  any 
curious  coincidence  of  invention  to  be  believed  on  my  own  testi- 
mony.    The  coincidence  does  not   exist.     You  acknowledged    a 
suggestion^  and  worked  it  out  in  your  own  way,  as  of  course  you. 
had  a  right  to  do. 
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^  One  fundamental  difference  between  your  mode  and  mine  of 
working  out  the  notion  of  triplets  consists  in  your  assumption,  thus 
expressed :  *'  Also  let  n  &nd  (  be  interohangeabley  and  related  in 
the  same  manner  to  (."  Thus  you  made  yf  mean  a^  +  6i|  +  cX,y  and 
X^  mean  a$  +  ri|  +  ht,.  If,  in  other  respects,  I  had  been  using  your 
notation,  I  should  have  written  J*  =  d'^  +  c'i|  +  h%.  80  favy  my 
method  was  more  general;  but,  on  the  other  hand,  I  was  accus- 
tomed to  assume  the  symbolic  equation  Xi « 1 — so  I  then  .wrote  it — 
not  as  necessarj/y  indeed,  but  as  one  eminently  natural^  in  the  view 
which  I  took  of  the  subject.  This  answered  to  your  sometimes 
treating  your  symbol  £  as  '' inoperative,"  and,  so  far ^  limited  me 
within  the  conditions  of  your  case  B.  But,  for  the  reason  lately 
mentioned,  my  particular  systems  were  quite  distinct  from  yours  ; 
snd  even  now  their  reference  to  rectangular  lines  may  have  some 
interest.* 

'  I  know  that  I  have  not  destroyed,  and  hope  that  I  shall  be 
able  to  jSnd,  an  old  letter  of  John  Graves,  in  which  he  compared 
^7  ^^ gradual  ascent"  from  singles  to  couples,  from  couples  to 
triplets,  and  generally  from  set  to  set^  to  the  ivrtkiy^ia  of  Aristotle 
(I  think,  in  1836). 

^  As  to  the  mere  notion  of  triplets,  I  find  memoranda  of  mine, 
430  old  as  1830,  which  I  have  no  intention  of  publishing  now,  but 
may  perhaps  communicate  to  pou,* 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  7,  Camden-stbket,  Camden  Town, 
*  December  16,  1852. 

[In  acknowledgment  of  a  proof -slip  of  page  (41)  Lectures  on 
Quaternions,  to  which  Hamilton  had  appended  a  manuscript  note 
ui)on  the  words  ^  alluded  to,'  referring  to  De  Morgan's  recognition 
of  Hamilton's  previous  dealing  with  triplets :  *  Tour  first  note  to 
me,  in  May,  1841.  .  •  .  You  invited  me  in  it  to  tell  you  anything 
about  those  researches  of  mine  on  triplets  to  which  I  had  in  print 
alluded.  You  said  something  like  this  ^'time-triplets  or  space- 
triplets,  I  don't  care  which."' — Supra,  p.  245.] 

*  Supra,  pp.  261,  252. 
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'  I  supposed  you  reoeived  mine,  oontainingoertain  extracts  from 
your  old  letters.  I  have  received  your  slips.  I  long  to  see  it  all 
together,  for  the  slips  are  properly  so-called ;  they  slip  objectively 
into  masses  of  other  papers,  and  subjectively,  the  contents  slip  so 
that  with  each  slip  it  is  ascertained  that  the  former  has  slipped. 

^  You  are  evidently  in  some  internal  agitation  of  possibility  of 
a  priority  controversy.  Tou  may  make  yourself  very  easy :  you 
are  putting  on  record  as  I  recommended  you,  and  nothbig  can 
refute  the  idiosyncratic  character  of  your  old  investigations.  They 
are  yourself  all  over.  All  men  owe  to  others,  and  a  phrase  in  a 
book  of  metaphysics  may  suggest  a  step  in  mathematics.  Grass 
has  no  right  to  raise  a  priority  contest  against  anything  that  is 
published  as  mutton,  if  it  be  really  mutton  when  published.  Now 
your  grass  has  been  cropped  equally  and  fairly  among  the  dead  and 
living,  and  your  mutton  is  genuine. 

*  N.  B. — It  must  hang  awhile  before  many  people  will  have  tha 
full  relish  for  it. 

*•  I  am  deep  in  the  idea  of  form  and  matter,  as  transferred  from 
logic  to  algebra.  I  only  write  this  to  beg  that,  if  it  seem  good 
and  I  am  not  too  late,  you  will  omit  or  qualify  all  phrases  in  whick 
you  hint  anything  as  to  the  possibility  of  your  priority  being  con- 
tested, as  at  the  bottom  of  slip  eleven. 

*  So  putting  you  to  think  of  this,  I  remain,  &c.' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

'  Obsertatort,  December  18,  1852. 

^  I  did  receive,  and  was  obliged  by,  your  letter  containing  ex* 
tracts  from  old  letters  of  mine.  If  time  allows,  I  shall  send  you  a 
copy  of  jOTxr  first  note  to  me. 

*  I  am  conscious  of  being  too  fidgetty  and  nervous  on  any  sub- 
ject of  anticipated  controversy,  for  like  Croaker,  in  Goldsmith's 
Good-natured  Man,  when  anything  like  actual  attack  or  criticism 
occurs,  I  find  that  I  have  fretted  away  all  my  vexation  beforehand. 

*  At  Manchester,  in  1842,  if  I  may  trust  my  memory,  Jacob! 
(the  great  one  of  that  name)  commented  publicly  on  my  Memoir 
on  Fluctuating  Functions ;  of  which,  if  you  have  not  received,  or 
have  mislaid,  a  copy,  it  is  not  too  late  for  me  to  supply  the  defect. 
In  that  Memoir  of  mine,  after  it  had  been  printed,  I  perceived 
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• 

resemblanoes  to  passages  of  your  Differential  and  Integral  Caloulus, 
whioh  struok  me  Buffidently  to  make  me  say,  at  that  Manchester 
Meeting,  that  I  hoped  no  good-natured  "  friend "  would  make  a 
quarrel  out  of  it.  I  meant  that  I  trusted  no  one  would  get  up  a 
quarrel  between  you  and  me  about  it ;  but  poor  Mao  Cullagh,  who 
was  present,  oontriyed,  in  some  incomprehensible  way,  to  take  me 
as  controverting,  at  least  potentially,  with  himself. 

^  Since  I  have  mentioned  him,  I  shall  take  this  opportunity  to 
send,  if  I  can  soon  lay  my  hand  on  it,  hk  first  note  to  me,  I 
think  that  I  have  preserved  another  note  of  his,  enclosing  an 
attempt  of  Walker  to  trisect  the  angle !  sent  after  his  death  to 
me.  Will  you  believe  it  P  Fears  of  the  brave,  and  follies  of  the 
wise.  I  took  some  trouble  at  the  time  with  that  attempted  solu- 
tion, as  I  have  done  with  too  many  others,  not  having,  all  the  while 
the  faintest  shadow  of  belief  in  tiiem,  but  wishing  to  do  justice  to 
the  persons,  and  if  possible  convince  those  who  were  living  of  their 
error.  And  I  am  happy  to  say  that  in  two  instances  out  of  many 
I  succeeded,  and  was  thereby  useful.  One  case  was  that  of  a 
clergyman  of  the  Established  Church  ;  his  education  had  not  pre- 
vented him  from  falling  into  error,  but  enabled  him  to  see  it,  when 
pointed  out.  The  other  case  was  that  of  a  lad,  about  to  enter 
College  here,  who  was  brought  to  me  by  an  aunt  of  his.  He  quite 
admitted  his  mistake,  when  shown  him,  and  afterwards  distinguished 
himself  in  this  University. 

'  After  all,  are  you  %ure  that  it  is  impossible  to  trisect  the  angle 
by  Euclid  P  I  have  not  to  lament  a  single  hour  thrown  away  on 
the  attempt,  but  fancy  that  it  is  rather  a  tact,  a  feeling,  than  a 
proof,  which  makes  us  think  that  the  thing  cannot  be  done.  No 
doubt  we  are  influenced  by  the  cubic  form  of  the  algebraic  equation. 
But  would  Gauss's  inscription  of  the  regular  polygon  of  seventeen 
sides  have  seemed,  a  century  ago,  much  less  an  impossible  thing, 
by  line  and  circle  P ' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

'  7,  GAUDEir-STREET,  CaMDEN  ToWN, 

^  JDecetnber  2^,  1852. 

*  The  excuse  about  fretting  beforehand  is  not  available  unless 
you  can  show  that  a  larger  quantity  of  it  than  you  can  obtain  d 
posteriori  is  necessary  to  your  moral  health ;  for,  you  fret  not  only 
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for  the  things  which  do  happen,  but  for  those  which  do  not.  You 
should  not  show  any  such  symptoms.  Consider  what  a  reflection 
it  is  upon  Lady  Hamilton,  that  you  oannot  get  the  little  incidental 
troubles  of  a  household  in  ntimber  or  magnitude  sufficient  to  keep 
you  from  fretting  over  imaginary  priority  quarrels  yet  to  come,  or 
anything  else  that  may — ^not  does — ^tum  up.  Think  with  what  a 
foioe  such  resolutions  as  the  following,  from  the  Mathematical 
Section  of  the  British  Association,  would  come : — 

<  1.  That  a  tendency  to  show  fear  of  falling  into  discussions 
about  priority  increases  the  probability  of  their  actual  occurrence, 
the  same  being  against  the  peace  of  science,  its  progress  and 
dignity. 

*  2.  That  it  appears  from  the  premises  (duly  set  forth,  of  course) 
that  Lady  Hamilton,  no  doubt  with  the  best  intentions,  but  with  a 
slight  failure  of  judgment,  makes  her  husband  too  comfortable,  so 
that  he  is  obliged  to  invent  his  own  vexations,  his  powers  of  inven- 
tion most  readily  exercising  themselves  in  mathematical  science 
and  things  thereunto  appertaining. 

^  3.  That  the  members  of  this  section,  from  their  several  ex* 
periences,  take  the  liberty  of  recommending  to  her  ladyship's 
especial  consideration  a  practice  which,  by  itself,  they  know  to 
give  an  amount  of  discomposure  enough  for  the  ordinary  uses  of 
life ;  namely,  that  of  causing  Sir  W.  H.'s  books  and  papers  to 
be  arranged,  once  at  least  in  each  week,  by  a  servant  who  is  de- 
cidedly under  the  impression  that  written  papers  are  to  be  sorted 
by  size,  and  that  all  the  much-disputed  art  of  cataloguing  a  library 
consists  in  subdividing  works  into  those  which  have  vol.  at  the 
back,  those  which  have  tom.,  and  those  which  have  neither. 

*  I  return  M'Cullagh's  letters  with  thanks.  I  have  the  Fluctuat- 
ing Functions,  and  out  of  it,  mostly,  have  manufactured  an  indis- 
putable proof  of  Fourier's  Theorem.  Why  did  you  not  generalize 
the  symbol  sin  x  and  cos  x^  instead  of  Pc-ing  and  Qs-ing  them  P 

<  As  to  the  trisection  of  the  angle,  Gkiuss's  discovery  increases 
my  disbelief  in  its  possibility.  When  ^^^  - 1  is  separated  into 
quadratic  factors,  we  see  how  a  construction  by  circles  may  tell. 
But,  it  being  granted  that  oo^  +  fta?*  +  ca?+ ef  is  not  separable  into  a 
real  quadratic  and  a  linear  factor,  I  cannot  imagine  how  a  set  of 
intersections  of  circles  can  possibly  give  no  more  nor  less  than 
three  distinct  points. 
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*I  never  eonyinced  a  squarer  or  triseotor  who  proceeded  on 
mathematioal  prinoiples— j9«rman^»^/y.  I  onoe  persuaded  a  !R«  0. 
piiesty  who  oame  from  South  America  with  a  square  circle  in  his 
pocket  to  get  the  reward,  that  he  had  hotter  learn  geometry  first. 
The  argument  which  seemed  to  weigh  most  with  him  was  that  the 
only  known  instance  of  a  cure  was  one  effected  on  a  Jesuit  men- 
tioned by  Montuda.  But  he  relapsed,  for  his  book  was  adyertised 
(I  mean  my  priest's  book)  a  few  days  afterwards. 

^I  have  just  put  my  ending  to  a  Paper  on  the  Forms  of 
Algebra.    Now  I  will  tell  you  a  story — 

*Let  the  curve  be      dv* 

Jo        V 

^Let  00  be  the  reciprocal  of  a  certain  circle  Qy  <30  «  7:. 

^  As  long  as  a?  is  >  0*,  no  matter  (a  <  1)  how  small  a  is,  the  point 
which  describes  the  curve  moves  from  ...BioA.  While  a  moves 
towards  1,  ^  is  turning  the  evanescent  corner,  and  never  takes 
permission  to  consider  itself  off  the  line  ABy  and  on  AOy  until 
a  is  1.  Then  while  x  is  changing  through  all  the  varieties  of 
m  X  0,  m  positive,  from  m  »  00  down  to  m  =  0,  the  point  moves  from 
^  to  O.  At  0  it  remains  without  moving  a  bit  until  a  has  got  up 
to  00 ,  0  *  being  a  zero  of  zeros ;  the  negative  O's,  or  powers  of  0 
with  negative  multipliers,  then  come  into  action,  and  the  part  OOD 
is  described  by  reverse  steps. 

'I  have  several  other  figments  of  more  importance;  but  I 
remember  the  name  of  that  unfortunate  French  mimster  M.  Trop- 
long,  and  must  avoid  acquiring  it  for  myself. 

*  The  wishes  of  the  season  to  you  and  all  your  family.' 

Fivm  Sib  W.  B.  Hamilton  to  A.  Db  Mobgan. 

'  Obsxbvatoby,  December  27,  1852. 

'  Your  note  arrived  this  morning,  and  what  I  read  of  it  to  Lady 
Hamilton  amused  her  much.    I  think  of  striking  out  a  passage  or 

*  [The  diagranii  here  inserted  in  the  manosoript,  oonsists  of  a  pair  of  reotan- 

X  IT 

golar  axes  meeting  in  the  origin  O:  from  it  OA  =  ^,  and  OCa-  -  are  measured 

along  the  axis  of  ordinates.  Then  through  A  is  drawn  the  indefinite  line  AB 
parallel  to  the  positive  axis  of  absoissffi,  and  through  C,  CD  parallel  to  the 
negative  axis  of  absoissie.] 
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two,  whioh  looked  BuperfluouBly  cautious.  I  am  just  sending  off 
the  early  slips  of  Preface  to  hepagedj  in  half  sheets  or  whole  sheets, 
I  leave  the  printers  to  decide ;  and  I  trust  to  sign  finally  what 
remains  to  be  written  before  the  end  of  the  present  year,  so  that 
the  composition  may  not  extend  into  1853. 

'  Yours  in  haste  (as  usual).    I  hope  to  write  soon  again.' 

From  the  Same  to  the  Same. 

'  Obsebtatoet,  January  8,  1853. 

*.  . .  The  fourth  half  sheet  I  do  not  like  to  sign,  without  its 
containing  a  note  whioh  is  to  touch,  though  slightly,  on  the  EListory 
of  Double  Algebra — ^not  including  for  the  moment  your  own  im- 
provements about  Logometers,  &o.  It  seems  to  me  that  the  true 
author  of  Double  Algebra  is  Argand,  not  Bu^e — but  if  you  take 
the  trouble  to  refer  me  to  any  paragraph  or  paragraphs  in  Bute's 
Paper,  of  which  I  possess  a  carefully  collated  copy,  partly  written 
out  by  myself  from  the  Philosophical  Transactions  for  1806,  which 
paragraphs,  in  your  opinion,  contain  or  shadow  out  the  rule  for 
multiplication  of  lines  within  the  plane,  I  shall,  in  justice  to  him, 
and  prudence  to  myself,  examine  them. 

'On  this  point  *'  an  early  answer  will  oblige,"  because  my  print- 
ing requires  it,  or  at  least  will  not  suffer  me  to  pause  too  long» 
although  I  so  often  leave  unanswered,  or  long  delay  to  answer, 
important  things  in  your  letters,  not  ooimting  subjects  of  contro- 
versy. 

'  About  definite  integrals,  and  fluctuating  functions,  I  by  no 
means  despair  of  resuming  those  subjects,  or  at  least  examining 
my  own  manuscripts ;  but  shall  probably  turn  in  to  some  labour  in 
practical  astronomy,  when  I  get  my  book  off  my  mind.  Meantime 
I  have  been  looking  after  the  Observatory  of  late  somewhat  more 
than  I  had  done  for  a  good  while. 

*  "Masses" — I  repeat  the  word — of  observations  have  accumu- 
lated here,  and  something  has  been  done  towards  reducing  them^ 
but  far  too  little. 

*  But  I  have  not  another  moment  now. 
'Many  happy  new  years ! ' 
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From  the  Same  to  the  Same. 

'  Obsebyatort,  January  26,  1853. 

'  I  Buppose  that  I  and  others  must  just  submit  to  whatever  you 
may  at  any  time  choose  to  make  your  own  definition  of  Double 
Algebra;  and  as  you  once  were  pleased  to  admit  that  my  old  doc- 
trine of  Algebraic  Couples  was  a  sort  of  Double  Algebra,  so  I  must 
grant  that  something  double  was  involved  in  Bute's  Paper ;  for  he 
did,  no  doubt,  in  his  No.  35  for  example,  represent  a  directed 
diagonal  of  a  square  by  the  expression  ^/2  (cos  45°  +  sin  45°-v/- 1), 
or  by  1  +  v/- 1.  But  turn  to  your  own  book  on  Trigonometry  and 
Double  Algebra^  pp.  118,  119.  Don't  you  see  how  naturally  and 
inevitably  you  associate  the  construction  of  addition  and  multipli- 
cation of  lines  within  one  plane,  as  going  together  to  make  up  one 
system,  about  which  you  judged  (I  think  rightly}  that  it  was  worth 
while  to  write  a  bookP  How  nicely  do  the  figures  match,  at 
opening  of  the  pages !  Not  disputing  the  value  and  importance  of 
your  own  improvements,  as  to  logometers,  &c.,  I  ask.  Should  you 
have  cared  to  write  about  Double  Algebra,  if  it  only  involved  addition 
and  subtraction  P  Bu^e  had  those  operations,  in  1806,  or  rather  in 
1805,  as  I  concede,  though  scarcely  in  a  more  developed  state  than 
Wallis  in  1685.  Just  turn  to  Wallis's  geometrical  construction 
for  the  roots  of  the  quadratic  equation, 

in  chap,  lxviii.  of  his  Treatise  of  Algebra  ....  London  .... 
MDCLXXXv.,"  from  which  I  have  at  present  only  a  few  passages  at 
hand,  transcribed  by  myself  in  1846.  Does  he  not  seem  to  have 
regarded*  the  straight  [he  spells  it  strdght]  Kne  ^Ca  as  being  the 
sunij  or  at  the  very  least  as  being  analogous  to  the  sum^  of  the  two 
inclined  lineSj  ABj  and  Ba^  by  which  two  lines  he  constructs  the 
two  roots  J  a,  of  the  quadratic,  their  algebraie  sum  being  =  b  =AVa? 
And  did  he  not  regard  the 'line  BO  as  representing  the  semi'differ* 
-ence  of  the  same  two  directed  lines  AB  and  Ba  P  (His  angle  BBO 
is  right,  for  the  case  of  imaginary  roots,  or  for  BC^*yce  being 

*^  bigger  "  than  FB^  which  latter  line  -AO-Ca^-^.    His  phrase- 

*  In  Wallis's  figure  AB  and  Ba  are  any  two  inclined  lines,  C  is  the  middle 
point  of  Aq^  and  BP  is  at  right  angles  to  ^C,  and  equal  to  ^  C  or  Ca^ 
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ology,  **  what  we  call  Realy^  is  veiy  remarkable.)  I  think  Bute's 
oonstruotion  of  imaginary  roots  more  elegant ;  but  can  you  point 
to  any  passage  in  Bu^'s  Paper  (120  years  later  than  Wallis's 
Treatise)  which  contains  even  the  germ  of  the  method  illustrated 
by  the  figure  in  page  119  of  your  lately  cited  book  P  And  can 
you  explain  away  Bute's  own  paragraph  46,  in  which,  when  he 
proceeds  to  state  in  tchat  sense  he  regards  his  geometrically  oon- 

structed  roots,  AE^  EBy  of  Camot's  quadratic,  x{a-x)^-^yB&  having 

the  required  product^  ^,  he  expressly  ani/omiallt/  excludes  the  con- 

sideration  of  position  (or  of  direction  of  the  factor-lines),  and 
expressly  Bui  formally  limits  the  proposed  multiplication  to  that  of 
the  arithmetical  values  ?  I  have  no  more  of  personal  interest  in 
the  matter  than  you  can  have  in  a  question  about  Newton  and 
Leibnitz ;  but  I  wish  that  justice  should  be  done,  and  wish  you  to 
help  me  in  doing  it  (namely,  to  Argand,  who  was,  in  my  opinion^ 
the  inventor  of  Warren's  rule  of  multiplication)/ 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camdek-stkebt,  Camden  Town, 
'January  27,  1853. 

Seriatim.    I  don't  claim  to  define  Double  Algebra,  or  to  define 
anything  except  my  own  appetite  at  dinner,  and  then  I  try  to 
satisfy  the  definition.    I  found  it—Klouble  algebra  I  mean — as  a 
system    (incomplete)  first   in   Warren,   whoj  was  obliged  to  do  J 
without  a  general  A^.    I  found  portions  of  it  in  preceding  writers.  { 

As  to  Bu^e,  I  agree  with  Peacock,  p.  228  {Report j  &c.).     Bu^e 
had  no  completely  formed  double  algebra,  and  yet  he  was  the  first 
formal  maintainor  of  geometrical  interpretation  of  ^^.    But  in 
what  did  he  go  beyond  Wallis  P    Tou  answer  this  yourself.     You 
think  Wallis  "  seems  to  have  regarded "  C  as  -4  +  J?.    No,  you, 
with  your  lights,  know  that  you  could  not  have  done  what  Wallis 
did  without  having  more  in  your  mind.    It  was  long  before  I  got 
at  the  maxim,  that  in  reading  an  old  mathematician  you  will  not 
read  his  riddle  unless  you  plough  with  his  heifer;  you  must  see 
with  his  light,  if  you  want  to  know  how  much  he  saw.    Now  we 
know  that  Wallis  does  not  express  any  perception  of  more  than 
**  geometrical  affections  answering  to  the  resolutions  of  such  qua- 
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dratiok  equations  .  •  •"  And  his  conclusion  is,  that  the  point 
required  lies  out  of  the  line  of  positive  and  negative. 

'  He  made  a  commencement  of  geometrical  interpretation^  ex  post 
facto,  as  to  the  result.  Bu^e  made  a  commencement  of  algebraic 
explanation  as  a  basis  of  continual  operation.  Wallis  has  not  a 
dream  of  reasoning  from  a  +  6  y^ri  as  an  introduction  into  data. 

Bu^e  was  imperfect  altogether  as  to  multiplication.  I  did  not 
know  (it  is  long  since  I  have  seen  Argand)  that  he  was  the  in- 
ventor of  the  rule  of  multiplication.  Is  it  really  distinctly  so  P 
Peacock  did  not  see  it.  If  so,  he  is  at  a  stage  of  double  algebra 
below  Warren,  who,  though  he  did  not  explain  -4^,  or  even  c*'"*, 
yet  supplied  their  places  by  new  creatures  of  definition  derived 
from  the  roots  of  unity. 

*  Tou  say  he  is  in  your  opinion  the  inventor  of  this  rule ;  as 
against  Warren,  he  must  be  so  if  he  had  it  at  all.  But  how  comes 
it  to  be  matter  of  (pinion?  Are  you  reading  him  by  your  own 
light  again  P 

^  I  am  always  afraid  of  virtual  discoveries.  Men  usually  tell 
all  they  definitely  see.  What  we  gather  we  frequently  gather 
by  our  own  act.  There  are  plenty  of  places  in  which  one  man  has 
seen  in  one  place  of  his  book  that  every  A\b  By  and  in  another 
that  every  B  is  (7,  and  yet  has  never  seen  that  every  ^  is  C  at  all. 
If  Jockey  and  Jenny  never  meet,  the  children  they  might  have 
had,  if  they  had  married,  have  no  legal  rights,  and  so  ends  my 
polemic,  as  the  other  Sir  W.  H.  calls  it.' 

jFVow  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

[Appended  to  a  proof-slip  of  p.  (32)  of  the  Preface  to  Lectures 
on  Quaternions^ 

'Observatory,  January  28,  1853. 

*  If  for  any  reason  you  dislike  this  mention  of  your  name,  it 
-would  not  be  too  late  to  modify  or  suppress  it.  A  recent  re-exami- 
nation of  the  Annales  for  1813,  by  J.  T.  Graves,  confirms  fully  my 
recollections  respecting  Argand.  Graves  gives  me  several  refe- 
rences, which,  as  I  have  not  lately  verified  them,  I  scarcely  like  to 
print,  at  least  without  acknowledgment.' 
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From  the  Samb  to  the  Same. 

<  Obsebyatobt,  January  31,  1853. 

'  You  and  J.  T.  Qraves,  between  you,  will  at  least  drive  me 
into  doing,  what  one  would  think  that  common  sense  might  have 
taught  me  to  do,  namely,  the  reading  before  I  write,  or  at  least 
before  I  venture  to  print.  Fortunately  my  sheet  d  is  not  yet 
printed  offy  and  therefore,  instead  of  acknowledging  a  mistake,  if  I 
have  made  one,  it  will  not  be  too  late  to  correct  it.  Tou  suspect 
that  I  have  attributed  too  much  to  Argand ;  Grates  is  positive  that 
I  have  attributed  too  little  to  him ;  and  begs  me  to  re-examine 
the  AnnaleSj  before  I  extenuate  Argand's  merit,  by  publishing 
the  words  "method  of  Argand  and  Frangais,*^ 

<  As  to  Bu^e,  he  is  again  gone  pretty  much  out  of  my  head, 
although  I  read  nearly  through  a  carefully  collated  copy  of  his 
Paper  not  long  ago.    Are  you  sure  that  we  do  not  read  him  by 
our  own  lights,  and  see  in  his  Essay,  more  clearly  than  he  saw 
himself,  the  rules  of  addition  and  subtraction  of  lines  P    My 
attention  was  directed  rather  to  the  question  whether  he  possessed 
what  we  may  for  the  moment  call  Warren's  rule  of  multiplication, 
from  which,  in  his  No.  46,  Bu^e  has  formally  cut  away  sJl  sort  of 
claim  from  himself.    Without  re-examination  I  could  not  venture 
to  assert ;  but  to  you  I  shall  just  throw  it  out  as  a  hint  for  in- 
vestigation, that  Bu^e  perhaps  did  not  see  the  general  rule  for 
addition  more  clearly  than  Wallis.     Observe  that  I  refer  to  chap- 
ter Lxviii.  of  the  latter  {London^  1685,  according  to  my  memoran- 
dum of  transcription ;  J.  T.  Graves  has  cited  the  book  to  me  as 
Oxford^  1683 ;  probably  you  can  decide  that  question),  and  not  to 
the  preceding  chapter,  which  G-ompertz  has  referred  to  (in  his 
second  tract  on  Imaginaries,  &c.,  London,  1818).    Wallis  seems  to 
me  to  consider  AB  and  Ba  as  roots  of  his  quadratic,  because  their 
sum  (or  at  least  their  quasi-mm)  is  the  straight  line  Aa  -  6,  and 
because  their  semi-difference  (or  ^asi  semi-difference)  is  -» BC^  the 
imaginary  radical  realised,  where  C  is  the  middle  point  of  Ao. 
Bute's  seeming  ''  proportion,"  in  his  No.  35,  is  in  fact  (as  he  him- 
self remarks)  an  identity.    You  are  likely  to  know  much  better 
than  I  do;  but  I  doubt  whether  Bute's  Paper,  from  its  vagueness, 
and  what  I  own,  between  ourselves  (for  if  I  said  it  pubhcly,  I 
should  be  greeted  with  the  QfAis  tulerit  Oracchos\  appears  to  me  its 
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intolerable  lioenoe  of  interpretation,  may  not  have  done  more  harm 
than  good  in  England,  to  the  cause  of  our  friend  ^/T\. 

*•  I  have  recently  been  reading  (and  it  is  curious  that  sometimes, 
when  otherwise  in  mental  activity,  I  seem  to  myself  unable  to  read 
a  page,  or  almost  a  sentence  of  G-erman)  more  than  a  hundred 
pages  of  Qrassmann's  Ausdehnungskhrey  with  great  admiration  and 
interest.  Previously  I  had  only  the  most  slight  and  general 
knowledge  of  the  book,  and  thought  that  it  would  require  me  to 
learn  to  smoke  in  order  to  read  it.  If  I  could  hope  to  be  put  in 
rivalship  with  Des  Cartes  on  the  one  hand,  and  with  Grassmann  on 
the  other,  my  scientific  ambition  would  be  fulfilled !  But  it  is 
curious  to  see  how  narrowly,  yet  how  completely,  Grassmann  failed 
to  hit  off  the  Quaternions.  He  published  in  1844,  a  little  later 
than  myself,  but  with  the  most  obvious  and  perfect  independence.' 

From  the  Samb  to  the  Same. 

'  Dttblot,  Ukiyebsitt  Press  Office, 
*  February  2,  1853. 

*I  have  just  been  "rung  out"  of  the  College  Library  here, 
which  I  do  not  find  it  often  easy  to  visit.  But  though  the  time 
was  up,  I  had  been  able  to  satisfy  myself  that  my  recollection,  and 
that  of  J.  T.  Graves,  about  Argand,  was  right,  as  borne  out  by 
Oergonne's  4th  tome  of  the  Annates  (1813  and  1814) ;  and  that  my 
recent  fault  consisted  chiefly,  as  Graves  had  thought,  in  putting 
Fran9ais  on  a  sort  of  equality  with  him,  as  a  discoverer.  Argand 
was  (in  1806}  the  inventor  of  the  method  of  multiplication  (combined 
with  that  of  addition]  of  directed  lines  (lignes  dirig^es)  in  one  plane. 
He  speculated  also  on  imaginary  exponents,  but  I  am  not  prepared 
to  say  more  on  that  subject. 

*  I  have  stjTuck  out  the  word  "  Pran9ais,"  in  line  ten  from  the 
foot  of  my  note  in  page  (32),  and  substituted  for  it  the  confessedly 
vague  word  "  others,"  which  may,  I  think,  pass  there:  and  in  line 
three  from  foot,  to  avoid  repetition,  and  to  mark  my  own  opinion 
of  Argand's*  merit  as  an  inventor,  have  stippressed  the  words 

*  *  Argand  claimed,  in  1813  or  1814,  and  had  his  claim  allowed  by  Gergonne, 
the  latter  $eeing  his  publication  of  1806,  to  have  in  that  publication  (of  1806, 
which  possibly  our  friend  Peacock  possesses)  established  as  a  fundajcental 
P&INCIPL£  (regarded  by  himself  as  properly  a  gekebalization  of  the  rules  of 
the  signs)  the  equality  of  angles  in  a  proportion  between  directed  lines  in  one 
plane.    1  may  be  pardoned  for  attaching  extreme  value  to  this  principle,  since 
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^'  and  others."    Also  I  have  added  : — "  A  few  additional  remarka 
and  references  will  be  found  in  a  subsequent  note." 

^  I  am  not  quite  so  enthusiastio  to-day  about  Ghrassmann  as  I  was 
when  I  last  wrote.    But  I  have  read  through  nearly  all  of  what 
I  oould  procure  of  his  writings,  including  a  subsequent  oommen* 
tary  (in  German)  by  Mobius.    Grassmann  is  a  great  and  most 
German  genius ;  his  view  of  space  is  at  least  as  new  and  compre- 
hensiye  as  mine  of  time;  but  he  has  not  anticipated,  nor  attained 
the  conception  of,  the  quaternions^  even  so  nearly  as  I  guessed  that 
he  might  have  done,  from  a  notion  hastily  taken  up,  of  what  might 
have  been  his  meaning  (and  what  it  fcas,  I  very  dimly  know  even 
II0K7),  in  his  doctrine  of  "  eingewandte  multiplikation."    I  quote 
from  memory.     His  outer  products  (aiissere)  I  think  that  I  do 
understand ;  and  that  is  saying  something  for  a  person  who  has 
not  learned  to  smoke.     And  even  his  inner  products,  published 
subsequently  to  the  outer  ones  (in  1847),  I  can  swallow  pretty 
well.    In  fact,  the  "  inner  products "  of  Grassmann  have  much 
analogy  to  my  "  scalar  parts "  of  a  quaternion,  and  his  "  outer 
products  "  to  my  "  vector  parta,^^    If  the  notion  of  combining  them  j 
had  occurred  to  him,  he  might  have  been  led  to  the  quaternions ; ! 
but  those  he  seems  to  me  to  have  altogether  failed  to  "pyiU#W." 
Yet  I  think  that  my  own  researches,  or  speculations,  would  have 
a  better  chance  of  being  appreciated  in  these  countries,  if  readers 
had  first  been  put  through  a  sufficient  course  (or  dose)  of  Grass- 
mann.   I  must  say  that  I  should  not  fear  the  comparison.     You 
tolerate  egotism  in  correspondence,  and  I  remain,'  &c. 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Camdev-street,  Cavdsn  Town, 
'February  5,  1853. 

*  Your  two  notes  received,  and  attentively  read.    Your  part, 
when  you  have  duly  advised  with  others,  is  to  have  an  opinion  and 

it  is  the  grand  link  between  Doable  Algebra  and  the  Quaternions.  Addition 
of  lines  is  so  very  easy,  and  has  oocnrred  to  so  many  persons,  that  it  is  scarcely 
worth  talking  about ;  nor  do  I  insist  on  Argand's  having  *'  first  formally  main- 
tained" that  doctrine  also;  but  I  wish  that  you,  or  Peacock,  or  both,  would 
*<  formally  examine  "  that  question.  How  near  did  Wallis  come  P  Did  Bu§ega 
the  whole  way  (about  addition)  P  Had  Argand  been  foricallt  anticipated,, 
even  in  that  slight  and  easy  matter,  as  it  now  appears  to  us  ? ' 
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hold  it ;  that  is,  as  the  lawyers  say,  when  you  oome  to  a  oertain 
point,  you  find  the  habendum  et  tenendum.  Don't,  for  your  own 
peaoe  sake,  be  a  diffident  man,  and  feel  bothered,  but  take  a  side 
and  oare  for  nobody.  But  remember,  as  far  as  you  like,  Arago's 
apt  remark  in  speaking  of  the  invention  of  the  steam-engine.  He 
says  a  watchmaker  would  be  struck  all  of  a  heap  if  he  were  asked. 
Who  invdnted  the  watch  P 

^  Axgand  I  do  not  remember  enough  about ;  if  he  really  envi- 
saged the  logarithmic  property  of  the  angles,  he  made  a  most 
decisive  step.  But  you  had  best  give  your  current  opinion,  as 
such,  not  committing  yourself  irretrievably,  for  priority  matters  are 
the  things  on  which  opinion  changes  wonderfully  by  mere  digestion ; 
and  further,  those  who  attend  to  quaternions  want  to  have  you  out, 
not  in  the  old  sense,  but  in  the  peaceful  way,  with  no  knife  but  a 
paper  knife. 

*  Your  half -sheet  reads  well — I  mean  that  it  looks  like  delibera- 
tion and  research.  I  got  your  note,  putting  it  that  perhaps  I 
might  dislike  my  name  being  mentioned  in  a  particular  way — I 
believe  as  the  inventor  of  the  happy  phrase  double  algebra^  and  that 
you  would  not  object  to  change  it.  What  should  I  dislike  in  such 
a  mention,  or  in  any  mention  which  arises  in  the  current  of  free 
thought  P  Just  look  what  your  double  (I  speak  as  a  nominalist, 
not  as  a  realist)  says  of  me  in  his  philosophical  discussions — at 
which  I  did  not  feel  annoyed  one  bit — and  then  fancy  me,  on  that 
datum^  disliking  anything  said  in  a  complimentary  way  because  it 
was  this  way  and  not  that  way. 

^  You  evidently  live  among  susceptible  people,  and  I  live  among 
no  people ;  for,  except  to  my  pupils,  I  do  not  talk  to  a  mathema- 
tician once  in  three  months.  So  my  skin  has  got  so  thick  that 
neither  can  it  be  pierced  nor  tickled. 

*  Yesterday  (February  4)  was  the  thirtieth  anniversary  of  my 
starting  for  Cambridge.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

*  Observatoby,  February  9,  1863. 

'  There  seems  to  be  but  little  chance  of  our  getting  up  a  quarrel 

"between  us.    I  won't  be  drawn  into  one  on  Theology,  nor  you  on 

^     Mathematics.    I  suppose  that  I  must  try  Logic,  of  which  I  once 
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was  f  ondy  and  seek  to  maintain  against  you  some  position  or  theoiy 
of  my  namesake.  From  a  book  lent  to  me  by  the  latter,  when  I 
was  at  Edinburgh  in  1850,  on  a  sort  of  indefinite  tenure,  I  shall 
extract  a  few  out  of  many  lines  by  Leibnitz.  Qrassmann  spells 
the  name  Leibniz :  in  Latin  I  find  it  printed  as  Leibnitius.  Have 
you  received  or  seen  the  Berlin  medal  of  that  great  man  P 

^  I  have  left  so  many  remarks  of  yours  unanswered,  that  it 

would  be  very  unreasonable  if  I  were  to  expect  all  my  own  sayings 

or  writings  to  be  noticed ;  and  therefore  cannot  complain  of  your 

not  noticing  what  I  said  about  Grassman,  but  shall  just  observe, 

that  if  you  have  any  curiosity  to  know  anything  of  the  result  of 

my  recent  Nebuchadnezzarological  reading  (my  daughter  looking 

over  my  shoulder  is  amused  at  the  folly  of  philosophers),  it  will  be 

quite  consistent  with  my  humour  to  inform  you.    To  the  public  I 

am  likely  to  say  but  little  at  present  about  Ghrassmann ;  for  I  find 

that  beyond  the  rule  for  adding  lines,  which  he  seems  to  have 

independently  worked  out,  whereas  I  took  it  from  Warren,  we 

have  scarcely  a  result  in  common,  except  one  thing  which  is  (in 

my  view)  important,  namely,  the  interpretation  oi  B-Ay  where 

A  and  £  denote  pointSy  as  the  directed  line  AB.    He  comes  to  this, 

in  his  page  139  of  the  Ausdehnungalehrey  after  long  preparations, 

and  ostrich-stomach-needing  iron  previous  doses.     I,  knowing 

nothing  of  this  result,  as  in  any  way  arrived  at  by  him,  started 

with  the  same  interpretation  in  my  Lectures,  in  1848,  having 

printed  the  same  conception  some  years  earlier,  and  having  been 

familiar  with  it  [see  Pure  Time)  for  a  long  time  before. 

P.S. — My  old  interpretation  of  J?-^  was,  that  it  denoted  a 
time'Stepy  A  and  B  denoting  moments  ;  but  it  scarcely  requires  my 
assertion  that  I  saw,  long  ago,  that  the  same  symbol  might  just  as 
well  denote  on  the  same  plan  a  space-stepy  A  and  B  being  points. 
With  this  view  I  was  quite  familiary  before  the  invention  of  the 
<^uatemions.  Argand  did  not  anticipate  tou.  He  thought  that 
y/Zl^-*  was  an  imaginary  (so  to  speak),  or  a  transcendental  of  a 
higher  order  than  y-i  itself. 

Extracted  {for  Prof  Be  Morgan)  from  a  Poem  hy  "  Godefi-idus  QuUielmus 
Leibnitius  y 

*'  In  Obitum  Joannis  Friderioi,  Bnmsvioensiam  et  Luneburgensium  Ducis, 
ad  Ferdinandum  Episcopum  Paderbornensem  et  Monasteriensem. — 

CIOIOCLIXX." 
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*'  Vemm  me  mea  sors  et  inexsatnrata  oupido 
Detorsere  alio,  mentemqne  egere  per  omnem 
Encydium  yariis  sinuatum  anfractibus  orbem, 
Artium  et  omnigennm  monstra,  Algebramqne  rebellem 
Tatdbus,  eque  schola  tenebrosi  Inmiiia  Sooti, 
Clamogamqile  forum,  teotamqne  ambagibns  anlam, 
Desertosque  yooo  nequioqnam  transfuga  Musas.  (lines  71  to  77.) 

0  mibi  si  color  ille  foret  super  usque  juyentas, 
Carmina  cum  paugens  non  infioiauda  Camenis 
Tercentum  versus  fundebam  luce  sub  una,  (lines  21  to  23.) 

Omnia  tentabat  disoendi  nobiUs  ardor.  (line  182.) 

£t  quffiounque  olim  oupiit  didioisse  tuetur."  (line  218.) 

(Copied  by  W.  R.  H.) 

From  the  Same  to  the  Same. 

*  Observatory y  FebrtMry  11,  1853. 

*  With  the  help  of  a  remembered  hint  from  Cotes  [Harmonia 
Memurarum)y  and  of  Herschel's  Seotion  xi.,  on  Giroulating  Eqiia* 
tion,  I  hit  off  the  following  little  theorem  just  now : — 

*  If  tt«+3=  2  (2iP  +  3)  w«+i  + 1<«, 

then  f^«.  =(«-  l)tt«, 

^  As  an  arithmetical  yerifioation  : — 

fia  =  6. 1  +  1  =  7;  ^8  =  10. 7  +  1  =  71; 

f?2  =  6.2  +  0=12;  <?,=  10. 12  +  2  =  122; 

«4  =  14 .  71  +  7=1001;  W5=  18 .  1001  +  71  =  18089; 

€4=14.122  +  12-1720;  ^5=  18  .  1720 +  122  «  31082; 

1720 


1001" 
31082 


1-718  281  718  3 ; 


=  1-718  281  828  7. 


18089 

[In  a  subsequent  note,  written  after  he  had  consulted  the 
volume,  he  states  that  '^  Cotes  calculates  as  far  as  this,  but  by  a 
longer  and  less  simple  arithmetic,  involving  intennediate  fractions, 
and  a  periodicallj  varying  law."] 
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*  The  next  approximation  to  c  - 1  is 
r«      685524 


ut     398959 


1-718  281  828  459. 


*  This  approximation,  as  you  see,  is  attained  mfive  steps  irom 
the  data. 

[The  note  of  Feb.  12  oondudes  as  follows : — ] 

*  The  facility  is  striking  with  which  this  modification  of  Gotes's 
method  gives  so  many  decimal  places  for  c :  but  what  is  better 
worth  noticing  is  the  simplicity  of  form  of  the  equation  in 
differences,  when  freed  of  the  periodical  factor,  I  merely  wished 
for  a  little  exercise,  just  to  keep  my  hand  tn,  and  am  so  far  from 
being  fresh  in  these  matters,  that  I  forget  whether  my  first  equa- 
tion belongs  to  any  known  and  integrable  form.  Accept  this 
trifle,  and  believe  me  to  be,'  &c. 

From  A.  Db  Morgan  to  Sir  W.  B,  Hamilton. 

<  7,  Caxdsxt-btkbet,  Cavdbk  Towk, 
*  February, \2^  1853. 

*I  did  not  at  first  see  the  Nebu  &o.  logical  pun,  though  I 

thought  of  Grass,  and  feeding  with  the  beasts  of  the  field.*    I 

thought  you  alluded  to  having  been  turning  yourself  out  among 

Argand,  Bu^e,  et  hoc  genus  omne,    I  should  like  to  hear  about 

Ghrassmann — whom  I  am  not  likely  to  read.    Between  ourselves, 

I  am  disappointed  with  G-ermans — almost  always.     I  have  a  new 

theory — take  it.     German  intellect  is  an  excellent  thing,  but  when 

a  German  product  is  presented  it  must  be  analysed.  Most  probably 

it  is  a  combination  of  intellect    (/)   and    tobacco-smoke  (7*}. 

Certainly  IiTi  and  IiTi  occur ;  but  IiTi  is  more  common,  and 

I%Tii  and  /iTV)  occur.    In  many  cases  metaphysics  occurs  (Jf) ; 

and  I  hold  that  laT^ Mc  never  occurs  without  b-\-c>2a. 

*  N.  B. — Be  careful,  in  analysing  the  compound  of  the  three^ 
not  to  confound  T  and  My  which  are  strongly  suspected  to  be 
isomorphic.  Thus,  JiTVSfs  may  easily  be  confounded  with  IiTs» 
As  far  as  I  dare  say  anything,  those  who  have  placed  Hegel,  Fichte, 
&c.,  in  the  rank  of  extenders  of  £ant  have  imagined  T  and  M  to 
be  identical. 

*  [De  Morgan  forgot  that  the  joke  on  the  name  was  lua  own,    Supray  p,  425]. 
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'I  testify  to  your  complete  apprehension  oi  B-A  as  a  step, 
and  to  the  difficulty  I  had  in  making  the  step,  when  I  first  saw 
it.  It  is  singular  what  difficulty  a  certain  extension  will  give  to 
persons  used  to  extension.  I  once  used  x  a  and  -^  a  as  separate 
symbols  to  D.  F.  Ghregory,  and  a  letter  or  two  of  discussion  passed. 
It  was  not  for  weeks  that  he  wrote  me  saying  he  saw  what  I  meant ; 
and  yet  +  a  and  -  a  ought  to  have  suggested  the  meaning  imme« 
diately. 

'  There  you  are  saying  that  I  wanted  to  draw  you  into  theolo- 
gical discussion — ^ag&dn — ^when  I  take  the  ghosts  of  Priestley  and 
Horsley  to  witness  that  you  fired  shots,  and  I  only  fired  in  return. 
As  to  discussions  on  priority  questions  I  am  too  wary.  As  I  said 
before,  it  takes  years  of  digestion  to  have  an  opinion.  If  you  try 
logic,  I  shall  say  that  I  have  already  difficulty  enough  in  persuad- 
ing people  that  I  have  fiat  been  fighting  you  on  that  subject ;  and 
how  many  expressions  of  regret  I  have  nipped  in  the  bud  about 
what  a  sad  thing  it  is  that  mathematicians  should  fall  out,  and 
chide,  and  fight,  I  cannot  tell  you.  But  if  you  will  take  one  of 
Sir  W.  H.*8  notions  to  defend,  take  the  following : — 

*  An  affirmative  proposition  is  merely  an  equation  of  quantities, 
of  which  coalescence  of  terms  into  one  notion  is  a  consequent. 

^  I  should  say  tnce  versa.  Every  man  is  an  animal ;  the  two 
terms  are  pro  tanto  in  one  notion;  whence^  So  many  men  so 
many  animals.  Sir  W.  H.'s  language  would  justify  us  in  declar- 
ing he  makes  *'  So  many  men  so  many  animals  ^^  to  give  as  a  conse- 
quence that  the  men  are  animals.  This  is  not  what  he  meeuos.  I 
have  found  him  out  at  last.  He  cannot  abstract  quantity.  The 
fun  which  this  assailant  of  mathematics  is  destined  to  make,  when 
this  becomes  generally  known,  will  be  worth  putting  all  into  one 
book.  Quantity  in  his  mind  is  essentially  attached  to  and  insepa- 
rable from  the  thing  quantified ;  and  when  he  equates  quantities  he 
identifies  the  res  numeratm. 

*  Leibnitz's  verses  are  interesting.  The  modem  German  writes 
Jjeibniz ;  so  does  Edlestone,  in  his  publication  of  Newton's  letters 
— and  I  think  the  publication  of  Leibnitz's  letters  in  Germany.' 
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From  the  Same  to  the  Same. 

*  7,  GiiiDSir-sTREirr,  Camden  Towk, 
'April  1,  1853. 

*  Are  you  gone  to  fairyland  P  If  so,  wiU  writing  "  to  be  for* 
warded  "  on  this  be  of  any  use  ?  I  have  an  indistinct  remembranoe 
that  a  long  time  ago  you  were  engaged  on  a  work  on  Quaternions. 
Did  it  ever  appear  P 

'  Seriously,  have  you  been  unwell,  or  how  comes  it  that  you 
are  not  out  yet  P  I  think  it  very  possible  you  may  have  opened  a 
new  vein. 

*  I  heard  of  you  through  J.  T.  Ghraves. 

^  N.  B. — It  was  not  the  day  that  reminded  me  of  you.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Eabth,  Dxtbldt,  April  4,  1853. 

*  Tou  have  been  most  correctly  informed,  or  have  made  a  very 
sagacious  guess.  I  have  just  returned  from  fairyland :  in  the 
language  of  mortals,  I  have  just  finished  a  long  (to  me)  charming, 
and  (at  all  events)  successful  investigation,  in  the  application  of 
the  bi-quatemions  to  the  inscription  of  polygons  in  surfaces. 

^  But  I  must  not  quite  forget  that  I  have  a  book  nearly  ready 
for  publication;  and  I  have  just  been  writing  to  an  old  friend, 
who  had  inquired  respecting  its  progress  and  prospects,  that  I 
tcishy  and  almost  hope^  to  get  it  out  this  month,  or  at  least  before 
the  Ist  of  May. 

*  For  the  moment  I  must  merely  sign  myself,  &c. 

*  P.  S. — I  write  at  the  close  of  a  Council  Meeting  of  the  R.  I. 
Academy. 

^  Talking  of  day% :  this  4th  of  April  would  have  been  a  birthday 
of  a  sister  of  mine,  if  she  had  lived,  who  wa%  a  genuine  poet :  /can 
only  pretend  to  the  poetical  temperament  and  feeling.  It  has 
sometimes  occurred  to  me,  that  Mrs.  De  Morgan  might  accept  a 
copy  of  a  volume  of  my  sister's  poetry,  which  was  printed  several 
years  ago,  but  is  probably  very  little  known. 

*  I  have  been  at  a  few  Viceregal  balls,  and  otherwise  a  little 
more  out  lately  than  I  sometimes  am. 
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^  They  oontinue  to  summon  me  on  the  Moore  Committee,  and 
I  left  awhile  ago  my  card  for  Lord  Charlemont  (the  son  of  the 
President  of  the  Irish  Volunteers),  on  my  way  to  attend  the  Council 
here,  of  which  I  have  been  a  member  for  (I  suppose)  a  full  quarter 
of  a  century. 

'  What  old  people  these  recollections  make  us !  But  we  have 
here  a  frequent  infusion  of  new  blood,  and,  for  instance,  have 
lately  elected  Lord  Talbot  de  Malahide,  who  deserves  it  on  many 
accounts.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

'  7,  Cam  DEN-STREET,  Caudeit  Towir, 
'  April  \\,  1863. 

'  Yours  of  4th  inst.  wants  a  specific  reply  as  to  the  volume  of 
poems,  and  it  is  that  we  shall  have  great  pleasure  in  receiving  it. 
I  don't  know  why  you  limit  your  own  poetical  qualifications  to  the 
feeling  and  temperament.  If  you  had  given  your  time  to  the 
practice  of  poetry  you  would  have  succeeded,  and  quaternions 
would  have  fallen  to  the  lot  of  some  other.  I  am  not  sure  you  are 
right  in  your  qualification  that  the  4th  would  have  been  your 
sister's  birthday  if  she  had  lived.  The  birthday  being  only  the 
anniversary  of  birth,  is  it  not  the  birthday  for  ever  P*  You  know  I 
am  keen  about  all  almanac  matters.  I  have  been  in  metaphysics 
lately,  and  writing,  among  other  things,  something  in  answer  to 
your  namesake,  which  will  appear  in  time. 

^  I  am  now  dear  that  all  opposite  terms  in  logic  come  under 
plus  and  minus;  that  is,  that  there  is  9k permanent  distribution  of 
them  which  makes  all  truths  contain  either  none  or  an  even  number 
of  the  negatives,  thus  carrying  the  rule  of  signs .  into  all  our 
thinking  processes. 

*  You  will  smile  when  I  tell  you  that  universal  is  certainly  -,  and 
particular  is  + ;  that  I  suspect  subjective  is  -,  and  objective  +,  but 
am  not  sure.  But  I  am  only  at  the  beginning.  The  idea  of  class 
conveyed  to  the  mind  by  the  convenientia  singularium  has  one  sign; 
the  attribute  scattered /row  the  mind  over  the  individuals  hets  the 
other.  Disjunction,  as  in  either  A  or  £,  is  + ;  conjunction,  as  in 
both  A  and  By  is  -. 

*  [Hamilton  writes  in  the  margin,  *^  Yes,  1  grant  it."] 
VOL.  III.  2  G 
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<  All  this  means  that  I  have  manj  oases  in  which,  when  the 
above  terms  enter  in  opposition,  the  placing  against  each  term  the 
sign  which  it  bears  in  a  fixed  table  will  alwajs  give  an  even  number 
of  negative  signs.  In  this  I  am  working  my  own  way  inductively, 
without  a  failure  as  yet.  I  have  never  come  to  a  case  in  which  I 
am  obliged  to  say — ^the  term  A  is  certainly  +  in  this  proposition 
and  -  in  that. 

^  Don't  wait  to  publish  until  you  have  exhausted  quaternions ; 
^'  msticus  expectat,"  &c ;  and  mind  you  give  your  mind  a  bit  of 
fallow  when  it  is  over ;  there  ought  to  be  a  rotation  of  crops,  and 
an  interval  between  each.  Now  you  can  easily  manage  a  four- 
course  succession — Mathematics,  Poetry,  Metaphysics,  and  the 
Lord  Lieutenant's  balls.' 

I^'Ofn  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

'  Obssbvatort,  May  5y  1853. 

*  There  has  been  much  sickness  in  this  house  for  some  time 
past,  but  I  hope  to  write  to  you  soon.  The  illness  of  aU  my 
children  has  prevented  me  from  attending  to  other  things,  and 
especially  from  getting  and  forwarding  the  volume  of  poems  for 
Mrs.  De  Morgan.' 

^  May  7.  .  .  .  My  children  are  somewhat  better.' 

lyom  A.  De  Morgan  to  8ir  W.  B.  Hamilton. 

'  7,  Caxbin-stbset,  Caxbrit  Town, 
<  May  9,  1853. 

<  I  am  sorry  to  hear  of  your  troubles  of  sickness,  but  I  infer 
from  your  words  that  there  is  no  matter  of  serious  imeasiness  in  it. 
Two  half  sheets  received,  and  I  am  glad  to  hear  that  you  are  really 
nearly  at  the  goal.  When  you  reflect  that  you  thought  of  beings 
out  last  Christmas  twelve-month,  you  will  see  that  you  had  a  stiff 
job,  if  you  do  not  feel  it. 

'  I  have  been  hearing  the  spirits,  or  whatever  they  are,  rap 
upon  the  table,  and  answer  questions  put  mentally^  while  the 
American  lady  held  both  her  hands  extended  in  the  air,  to  make 
sure  of  her.    This  is  more  puzzling  than  y  ^.    When  you  really  [ 
hear  something  staggering  from  an  eye-witness,  ask  me  for  detaiLs ' 
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to  knock  you  down  quite.    Our  thoughts  are  read,  somehow,  you 
may  swear. 

*  I  have  nothing  to  say  mathematical ;  my  thoughts  have  all 
been  on  logic. 

li'om  the  Same  to  the  Same. 

*  7,  Camden-strbst,  Camden  Town, 
' May  2i,  1853. 

*I  have  just  received  the  three  sheets,  including  the  one 
marked  '^  the  end."  You  seem  fairly  landed  at  last.  Moreover, 
I  saw  only  yesterday,  my  wife  having  had  it  some  days,  the 
volume  of  poems  for  which  I  am  to  give  her  very  best  thanks, 
and  my  own.  Poetry  runs  in  families  more  than  mathematics, 
though  who  can  say  what  women  might  do  if  they  were  made 
to  look  steadily  at  such  pursuits  P  The  only  person  to  whom  I  ever 
taught  the  Differential  Calculus,  who  dashed  aside  the  common 
difficulties,  and  settled  at  once  on  the  points  of  principle  which  the 
investigators  have  fought  and  differed  about,  was  a  woman — Lady 
Lovelace.  Our  colloquies  were  in  written  correspondence,  and 
one  of  these  days  I  shall  collect  some  of  her  assaults  upon  the 
first  principles,  made  before  she  had  had  practice  enough  to 
differentiate  with  common  correctness.  They  will  be  very  curious. 
Her  father  would  have  sworn  at  her,  if  he  could  have  known  that 
she  had  a  mathematical  head. 

*  I  have  not  read  the  poetry  yet,  but  shall  begin  in  a  day  or 
two. 

'Talking  of  poetry,  see  what  I  have  met  with  in  Sylvanus 
Morgan's  Horologiographiay  1652  : — 

'  If  Tellns  winged  bee, 
The  Earth  a  motion  ronnd, 
Then  much  deoeiVd  are  they 
That  it  before  ne're  found. 

*  Solomon  was  the  wioest : 
His  wit  ne're  this  attained, 
Cease  then,  Copernicus, 
Thy  Hypothesis  vain. 

*  This  runs  smooth.     The  following  verses,  in  Hylles'  Arith- 
'  fnetiCj  1600,  show  that  smooth  versification  was  not  impossible  to  a 

i  2G2 
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mathematioian.    I  put  them  on  a  separate  paper  as  the  measure  is 
long : — 

''  But  late  I  sawe  a  fonntaine  faire,  most  stately  to  beholde, 
At  top  whereof  a  Lyon  stood,  made  all  of  molten  golde, 
Out  of  whose  mouth,  his  eyes  and  foot,  the  christall  liquor  gosht, 
And  in  a  bowle  of  luorye,  with  silver  streames  it  rusht. 
This  fountaine  was  so  finely  fram'd  with  vices*  for  delight, 
That  lions  mouth  and  eies  might  olose,  and  stop  their  courses  quite. 

*  [pices,  pro  hao  vice,  mean  ehange9\, — ^Transcriber. 

*'  Now  if  his  issues  all  were  stopt,  save  onely  his  right  eye, 
In  2.  dayes  it  would  fill  the  bowle,  though  it  before  were  drye. 
And  if  the  left  eye  onely  run,  three  days  then  serues  the  tome, 
His  foote  alone  4.  dayes  must  have,  the  same  thing  to  performe. 
But  if  his  mouth  alone  do  spoute,  but  onely  6.  houres  space, 
The  water  will  just  fill  the  Bowie,  and  neuer  misse  an  ace. 

'*  Now  if  these  issues  all  at  once,  should  keep  their  course  at  wil, 
Then  show  me  in  how  short  a  time  this  empty  bowle  should  fil." 

*  '^  This  prety  oonoeite  hath  been  gathered  from  Master  Hylles 
his  Arte  of  Vulgar  Arithmetioke  imprinted  at  Londone  in  1600  by 
Gabriel  Simson.  The  selfe  same  question  was  dulye  woorked  by 
Soheubelius,  as  also  by  Feucerus,  who  disoorsed  of  the  same  in 
Latine :  but  Master  Hylles  rendlared  the  premises  into  our  English 
tonge,  for  the  better  contentment  of  those  who  mighte  not  rede 
except  therein.  And  truely  meseemeth  that  his  worthy  paines 
may  goe  to  showe  forth  the  manner  wherebye  our  English,  which 
aforetime  was  pore  and  vile,  became  musical  to  heare,  although  it 
were  a  numerist  who  should  speake,  so  it  were  one  who  made  diligent 
studye  in  Shakspeare  and  Spencer  their  poemesJ 


»  y 


From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

^Obseryatobt  of  T.  C.  D.,  June  30,  1853. 

'  Now  that  my  book  is  actually  printed  off,  or  at  least  the  last 
pages  signed  for  press  by  me,  I  feel  almost  as  if  I  had  ceased  to  be 
connected  with  it.  Perhaps  it  Lb  a  common  thing ;  yet  it  seems  to 
me  curious  to  observe  it  in  my  own  case,  how,  after  being  day  a 
haunted  by  the  "malice  of  one  luckless  word,"  (Wordsworth.) 
— for  instuice,  I  sent  a  messenger  to  Dublin  yesterday,  on  purpose^ 
to  ascertain  that  the  word  "  now  "  had  been  omitted  in  the  dauso^, 
or  part  of  a  parenthesis,  "  the  symbols  x^  being  in  fact  wkcLt 
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M.  Cauchy  now  calls  keys  " — ^I  say,  how,  after  being  thus  anxious 
about  a  mere  word,  so  long  as  my  anxiety  oould  be  produotive  of 
any  practical  effect,  I  completely  dismiss  all  such  anxiety,  when 
any  writing  of  mine  has  become  publici  Juris  ;  or  even  when  I  have 
signed  a  sheet  for  press,  and  know  that  it  is  actually  printed  off. 

^  It  is  so  strange  a  feeling  to  me  this  morning  to  have  no  longer 
any  responsibility  as  to  composition  or  correction  of  my  book,  that  I 
am  horribly  at  a  loss  what  to  do,  and  suppose  I  must  take  up 
astronomy. 

*•  Are  you  aware  thai  by  a  strange  mistake,  which  I  believe  that 
I  must  take  the  trouble  of  in  some  way  publicly  correcting,  the 
Boyal  Conmiissioners  in  their  Report  on  the  University  of  Dublin 
have  precisely  quinqumcted  the  diligence,  such  as  it  has  been,  and 
I  do  not  say  that  it  has  been  great,  of  observation  here  P  I  caused 
the  Unei  of  the  sheets  of  observations  to  be  counted,  and  partly 
counted  them  myself,  for  a  certain  period  of  twenty-four  years ; 
they  amounted  to  44,430  {Blue  Book^  Evidence,  p.  102),  and  were 
counted  precisely  on  the  plan  adopted  in  several  other  Observa- 
tories, in  forming  '* numbers  for  reference'';  but  the  Commis- 
sioners have  supposed  the  ^^  lines  "  to  mean  spider^lineSj  or  wires, 
and  on  an  estimate  olfive  to  each  single  observation,  have  divided 
our  poor  forty- four- thousand,  not  by  twenty-four  but  by  one  hundred 
and  twenty,  in  order  to  strike  the  annual  average.  Codrus  had 
nothing,  but  poor  Codrus  lost  that  nothing.  How  many  people's 
diligence  would  bear  to  be  divided  by  five  P 

*P.  8. — The  vast  majority  of  those  forty  and  odd  thousand 
observations  has  been  made  by  my  assistant,  Mr.  Charles  Thomp- 
son, retained  from  Dr.  Brinkley's  time.  His  diligence  and 
accuracy  appear  to  me  to  be  increasing  rather  than  diminishing. 
I  must  add  that  I  have  spent  with  him  a  great  many  nights  of 
observing  in  the  dome  which  are  not  included  in  the  foregoing 
account.' 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Camdek-street,  Camden  Town, 
*  July  2,  1853. 

^  Your  proofs  and  fair  sheets  duly  received,  and  I  really  congra- 
tulate you  on  your  having  done  with  it ;  and  I  shall  be  glad  to 
see  it  all  stitched  together.     I  think  I  must  look  for  a  new  double 
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algebra,  as  follows  : — Sir  W.  H.  of  Edinburgh  is  always  afraid  of 
my  robbing  him.  Sir  W.  H.  of  Dublin  is  always  afraid  of  rob- 
bing me,  as  per  letters  to  me  appears.  Here  are  interpretations  of 
+  1  and  - 1.  I  think  the  Edinburgh  man  the  most  positive.  Now 
there  is  a  third  Sir  W.  H.  in  the  Directory.  I  intend  to  get 
acquainted  with  him  to  see  if  I  can  get  any  interpretation  of  v^^. 
^  I  shall  look  into  Argand's  whole  case  as  soon  as  I  can  get  his 
book,  &c.  If  you  are  right,  Double  Algebra  should  be  called 
Argand's  lamp. 

*  I  did  not  know  anything  of  the  Beport  about  T.  C.  D.,  and  so 
knew  nothing  of  the  reckoning  of  the  observations. 

*  As  in  matter,  so  in  mind.  You  cannot  raise  crops  of  one 
character  for  ever.  You  must  either  let  your  mind  lie  fallow  or 
take  to  something  else.  It  is  astonishing  how  new  ideas  will 
spring  up,  if  you  let  the  machinery  have  rest. 

^  I  think  you  should  take  up  observation  for  six  weeks,  sonnets 
for  six  weeks,  and  extract  the  square  root  of  some  wholesome 
integer  to  fifty  decimal  plaoes,  just  to  feel  your  way  down  to 
earth  again.    Mere  calculation  is  very  good  after  dissipation. 

'  I  return  Graves's  letter.* 

Ff'otn  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

*  Observatort,  July  7,  1863. 

^My  book  will  not  be  quite  off  my  mind  till  it  is  actually 
published,  and  on  some  few  counters  of  booksellers — ^to  be  at  least 
looked  at  there,  whatever  may  be  done  about  buying  it — and  also 
till  the  chief  presentations  shall  have  been  decided  on  and  made. 

*  But  I  will  tell  you  of  an  old  speculation  of  mine,  of  a  quite 
different  kind,  which  came  with  some  force  into  my  head  this 
morning,  and  may  possibly  set  me  soon  on  some  such  arithmetioal 
computation  as  you  rightly  judge  to  be  at  times  a  relief,  after 
more  abstract  reasonings.  Many  years  ago  (in  1839,  and  even 
earlier,)  I  made  some  investigations  respecting  what  I  supposed  to 
be  a  new  symbol  of  operation,  and  am  still  unable  to  refer  to  any 
other  person.  This  was  the  characteristic  i^,  used  as  a  symbol  of 
definite  integration  from  0;  so  that  Ix/x  =JJ^«. 

' .  .  .  You  see  that  Ix  is  not  exactly  the  same  thing  as  D^^.  .  .  • 
I  once  made  the  Argand  joke  to  Horschel,  who  seemed  to  me  to 
attribute  too  much  to  Bade.' 
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Frmi  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

'  July  11,  1853. 

'  I  don't  think  the  subject  you  have  hit  upon  for  your  recrea- 
tion quite  the  thing  after  quaternions.  It  is  toujoura  perdrix.  It 
reminds  me  of  the  sailor's  three  wishes.  '^  What  first,  my  man  P  " 
«  All  the  rum  in  the  world."  "  What  next  P  "  "All  the  tobacco 
in  the  world."  "  Well  now,  the  third  P  "  "  Let  me  see— well,  I 
don't  know — I  think  I'll  have  a  little  more  rumJ^  I  proposed  to 
you  something  without  any  exercise  of  mind — such  as  calculating 
the  square  root  of  4  to  fifty  decimal  places  4*00  00  (2*000,  &c.) — 

It  is  true  that  I  dx  is  notf  -7- ]  ,  Q.  E.  D.,  meaning  quod  est  dolen" 

dum.     The  properties  of  £i'^  and  d'^  are  worth  studying.     I 

suspect  that  l-r)    isl  dx. ,  .  .    There  are  plenty  of  difficulties  .  .  . 

But  you  ought  not  to  look  at  them  these  three  months. 

*  We  are  all  here  in  expectation  of  a  decimal  coinage.  I  am 
busy  at  the  commonest  things  relating  to  the  theory  of  difFerential 
equations — in  which  there  is  no  sufficient  accuracy  in  anything 
simple — and  less  in  the  complicated.' 

[In  the  foregoing  two  letters  I  have  omitted  the  mathematical 
work  of  both  correspondents,  feeling  that  to  print  it  in  extenao 
would  overweight  a  volume  intended  for  general  as  well  as  scientific 
readers,  and  contenting  myself  therefore  with  indicating  for  the 
benefit  of  the  latter  the  subjects  discussed — a  course  I  shall  have 
to  follow  in  the  remainder  of  the  correspondence.  But  as  the 
original  letters  will  be  deposited  in  the  Manuscript-room  of  Trinity 
College,  it  will  be  possible  for  the  scientific  student  to  refer  to  them 
for  the  omitted  portions.] 

From  Sir  W.  K.  Hamilton  to  A.  Db  Morgan. 

'  Obsekyatobt,  July  16,  1853. 

^My  book  is  actually  out.  1  got  a  person  to  buy  a  copy  for 
me  yesterday  evening,  a  frolic  which  will  cost  me  bs. 

*  Is  Herschel  still  at  32,  Harley- street  P    The  Athenmim  lately 
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printed  Hmley-street.    Please  answer  tJm  question  as  soon  as  yon 
can,  and  excuse  the  haste  in  which  this  note  is  written. 
'  Accept  a  copy  of  a  newspaper.' 

Ffom  A.  De  Morgan  to  Sir  W.  B.  HAiknLTON. 

<  7,  Camden-strret,  Cavdek  Towir, 
<  July  18,  1863. 

*•  Herschel  is  still  in  Harley-street.  The  Aihenceum  address  is 
a  misprint.  I  am  glad  you  have  actually  bought  your  book.  You 
may  now  add  to  your  name  the  letters  I.  J.  K.,  and  some  day 
perhaps  your  speculations  will  be  L.  M.  N.-tary,  but  not  just  yet. 
You  must  not  think  that  your  I.  J.  K.-eries  are  only  just  above 
the  L.  M.  N.-taiy,  because  it  is  so  in  the  alphabet. 

*  Your  newspaper  received.  But  what  is  in  it  P  I  don't  know 
yet)  as  I  answer  yours  at  once  according  to  your  desire,  proving 
that  I  can  more  easily  make  a  pun  than  read  a  newspaper.' 

[Pursuing  the  course  above  indicated,  I  here  record  that  in  his 
next  letter  (July  25)  Hamilton  asks  De  Morgan  if  he  could  detect, 
or  refer  him  to  some  work  in  which  he  would  find  exposed,  a 
fallacy  into  which  he  suspects  himself  to  have  fallen  in  deducing 
the  method  of  least  squares  from  the  ordinary  theory  of  probabili- 
ties, since  his  result  differs  from  the  translated  paper  of  Encke  on 
the  subject.  On  July  29  he  writes,  objecting  as  well  to  Encke's 
as  to  his  own  previous  result,  and  modifies  the  latter.  This  was 
not  sent  until  August  1,  with  a  postscript  acknowledging  De  Mor- 
gan's answer,  but  a  condensed  statement  of  its  contents  was  for- 
warded by  Hamilton  on  the  30th  of  July.  De  Morgan  (July  29) 
disputes  *'both  you  and  Encke,"  and  points  out  his  reasons.* 
Hamilton's  of  August  1  confesses  agreement  with  De  Morgan  in 
regard  to  the  fallacies  which  misled  both  himself  and  Encke. 

On  August   18  Hamilton  suggests  a  slight  abridgment  of 


*  As  postscript  to  this  letter  De  Mor^^an  records  characteristically  an  event 
of  the  day  in  the  social  life  of  the  metropolis : — '*  The  triangle  CAB  (see  Euclid 
jia«<tm)  is  now  the  only  CAB  to  be  had  in  London.'' 
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De  Morgan's  argument  in  p.  67  of  his  Differential  and  Integral 
CalculuSf  where  he  derives  the  simplest  case  of  the  theorem  of  the 
mean  value.  He  also  points  out  an  error  in  Moigno's  Legem  de 
Calcul  Diff4rentiel.  De  Morgan  on  the  19th  admits  that  the  proof 
is  subject  to  difficulties.  *^  But  a  young  Cambridge  man,  Homer- 
sham  CoXy  threw  the  material  of  Gauchy's  proof  into  such  an  easy 
and  beautiful  form,  that  I  have  thrown  away  everything  else  in 
teaching."  He  then  gives  the  proof  of  Taylor's  theorem,  now 
current  in  all  text-books.  He  remarks  incidentally: — "The 
principle  of  fluxions  is  one  that  always  gives  light  whenever  it 
can  be  used  " ;  and  adds  at  the  end,  "  I  wish  my  Diff,  Calc,  had 
never  been  stereotyped.  I  could  make  it  a  hundred  times  better 
now — as  I  think."] 

Ft'om  the  Same  to  the  Same. 

*  7,  Camden-street,  Camden  Towk, 
<  Aufftut  22,  1853. 

*  I  once  solved  the  following  problem : — 

"  A  set  of  books  is  found  to  have  n  volumes,  which  range  from 
1  to  «.  What  is  the  probability  that  it  is  complete  P  Of  course 
it  is  very  unlikely,  if  n  be  considerable,  that  the  losses  shall  have 
been  after  ;i,  and  all  after  n." 

*  There  is  a  kindred  problem : — "  Supposing  that  from  m  to 
w  +  n  is  complete,  n  being  considerable,  but  the  set  from  1  to  m  in- 
oomplete  :  what  is  the  probability  that  the  set  was  not  originally 
complete?" 

*  Now  for  the  application. 

*  All  my  fair  sheets  of  the  Quaternions  have  been  together  since 
I  first  received  any,  and  on  making  them  up  they  appear  thus : 
The  bodp  of  the  work  complete.  Table  of  Contents  consecutive  to 
p.  Ixxii.  Preface  incomplete.  I  have  three  title  leaves  and  dedica- 
tion, d^  /,  Qy  h,  and  no  others. 

^  I  think  the  rest  can  never  have  been  sent. 

*  I  have  been  laid  up  a  day  for  eating  something  or  other,  I 
suppose,  but  it  was  worth  the  annoyance  to  get  a  cool  view  of  the 
phenomena  of  a  feverish   night.      Everybody   knows  what  an 


I. 
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exoeflsively  disagreeable  thing  this  is,  but  it  generally  defies 
description.  Now,  being  only  on  the  verge  of  this  infliction^  and  not 
deep  enough  in  it  to  feel  utterly  lost — in  purgatory,  as  it  were, 
and  not  in  hopeless  perdition — I  should,  from  my  own  very  distinct 
recollection,  give  the  following  account  of  the  whole  thing : — 

*"  ^^  The  individual  is  asleep,  but  does  not  know  it.  He  fancies 
himself  awake,  seeking  sleep,  which  is  not  a  quiescent  state,  but  the 
result  of  some  exertion  in  his  own  line.  This  exertion  is  impeded 
by  some  incongruity  which  he  cannot  get  over.  After  great 
botheration,  unconsciousness  comes  on,  and  the  same  thing  is 
repeated  again  and  again  :  while  this  repetition  gives  the  idea  of 
existence  being  only  a  kind  of  pattern  like  that  of  the  paper  on 
the  wall — a  repetition  of  one  figure,  with  a  dull  space  between. 

^ "  In  my  own  case,  getting  to  sleep  depended  on  the  solution 
of  a  quadratic,  of  which  I  saw  the  roots  before  me,  but  could  not 
get  them  out  of  the  formula,  and  no  wonder.  They  were  always 
squares  side  by  side,  time  after  time." 

N.  B. — The  squares  were  quite  equal,  and  it  was  a  pretty  illus- 
tration of  equal  roots  verging  on  the  impossible.' 

H'onh  the  Same  to  the  Same. 

*  7,  Camden- STREET,  Cavden  Town, 
<  August  23,  1853. 

*  The  theory  of  probability  turns  out  false  as  to  three  of  the 
sheets,  which  I  therefore  return.  The  mode  in  which  these  hid 
themselves — ^long  to  tell — confirms  the  theory,  however,  as  to  the 
fourth.' 

[On  August  22,  Hamilton  sends  De  Morgan  a  Paper  containing 
a  couple  of  '*  elementary  illustrations  of  the  reasoning  "  in  ^*  Inverse 
Probabilities"  (De Morgan,  p.  60),  which  he  had  written  out  for 
his  son,  and  of  which  he  says,  ^'  You  are  welcome  to  light  your 
pipe  with  it.''  A  short  note  of  August  24  shows  that  he  was  still 
occupied  with  De  Morgan's  "  little  work  "  in  the  Cabinet  CyclojHBdia^ 
on  Probabilities.  In  a  postscript  he  records  an  observation  of  tlie 
comet  which  he  had  seen  the  previous  night.]  * 
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From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Camden-street,  Camdeit  Towir, 
<  August  26,  1853. 

^I  cannot  answer  your  oomet  question,  but  I  have  begged 
Hind  to  drop  you  a  line  as  soon  as  he  finds  any  reason  to  think  it 
is  the  comet  which,  as  I  phrased  it,  he  took  lodgings  for  a  year  or 
two  ago. 

'  Last  Monday  morning  I  got  a  letter  from  my  wife  (at  Heme 
Bay)  written  on  Sunday  evening.  On  the  outside  was  written — 
"  A  comet  above  the  moon — with  a  tail — the  tail  scintillates.'* 
This  was  pretty  well  for  the  naked  eye.  Her  mother  saw  the 
comet  of  1811  before  it  was  known  to  astronomers,  and  pointed  it 
out  to  Professor  Yince,  who  was  lodging  near  them,  at  Bamsgate. 
He  laughed  exceedingly  at  the  idea  of  it  being  a  comet,  but  her 
eye  turned  out  right.  She  also  once  saw  the  old  and  new  moon  in 
the  same  twenty-four  hours. 

*  Your  Paper  on  Probabilities  I  shall  not  light  my  pipe  with. 
There  is  always  something  new  in  a  new  person's  illustration. 

'  I  see  you  did  not  notice,  in  the  part  you  have  read,  a  thunder- 
ing error,  on  the  simplest  point  possible.  Nor  has  any  one  else 
noticed  it,  except  myself,  who  have  printed  a  sarcasm  against 
**  a  recent  writer  "  that  I  may  be  able  to  prove  I  found  it  out  before 
anybody.  It  is  not  in  the  enunciation  of  a  principle,  but  in  an 
application.  Everybody  makes  errors  in  probabilities,  at  times,  and 
big  ones.  Laplace  and  Poisson  have  both  fallen  into  the  assump- 
tion that  if  0(0?,  ^) »  0  be  the  best  (most  probable)  equation  to  find 
y  from  when  x  is  given,  it  is  therefore  the  best  to  find  x  from  when 
y  is  given,  which  is  such  a  mistake  as  a  little  girl  once  made  to  me : 
I  called  her  a  daughter  of  Eve,  and  she  retorted,  ^^  Then  you're  a 
daughter  of  Adam." ' 

From  Sir  W.  E.  Hamilton  to  Professor  Db  Morgan. 


i2. 


'  Obsekyatort,  September  7, 185« 

*  I  have  not  had  time  to  hunt  for  your  "  thundering  error,"  but 
as  a  blindfolded  child  asks  is  he  hot,  meaning  near,  I  shall  just 
inquire  whether  it  was  in  the  Jirst  chapter  of  your  Cab,  Cj/c.  Essay, 
which  I  read  with  loss  care  than  the  two  following.     I  have  read  a 
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good  dealy  up  and  down,  of  the  book,  but  shall  soaroely  attempt  to 
go  farther  systematically  at  present,  unless  I  can  find  my  lost  sheet 
of  Laplace's  great  treatise,  or  get  hold  of  your  essay  in  the  Eiicy^ 
clopcBdia  Metropolitana. 

*  I  perfectly  understood,  long  ago,  though  it  was  somewhat  «^t/f, 
Laplace's  investigation  of  the  theorem,  that 

1  .  2  .  3  .  .  .  n  «  -v/2wir  •  ("  )  (  ^  +  rr  ^^^'  )' 

The  third  term  of  the  series  was  something  like  ,,.,■.  ,  as  I  think,  but 

I  have  no  book  on  the  subject  at  hand,  and  certainly  shall  not 
attempt  yt/«^  now  to  re-investigate  the  expansion  for  myself.  Had 
Euler  anticipated  Laplace  in  the  result  ?  for  I  suppose  that  Lap- 
lace's method  was  his  own. 

*  The  Boyal  visit  of  last  week  occupied  nearly  all  the  attention 
and  interest  of  us  Eblanians ;  but  I  was  glad  to  receive,  from  a 
postman  who  was  walking  out,  a  letter  from  you  about  ladies  and 
comets,  &c.,  as  I  was  on  my  way  to  join  the  Provost  and  others  of 
T.C.D.,  in  my  Doctor's  robe,  on  the  Monday  morning  of  the  Queen's 
entry,  of  which  we  saw  very  little  this  time.  Four  years  ago,  the 
College  erected  a  large  platform,  when  we  could  all  see,  and  be  seen, 
comfortably ;  but  our  fine  gowns,  and  those  of  any  lady-acquaint- 
ances of  ours,  were  quite  thrown  away  in  1853 !  I  fared  not  much 
better  on  the  Tuesday  morning,  as  a  season  ticket-holder  in  the 
Exhibition,  but  had  the  consolation  to  think  that  I  had  lost  my 
two  or  three  good  places,  at  various  stages  of  the  Queen's  progress, 
by  yielding  them  to  ladies;  and  when  her  Majesty  was  gone,  I 
spent  (what  I  had  not  so  completely  done  before)  an  entire  un- 
broken day  in  the  beautiful  and  curious  building.  On  Wednesday 
morning  I  received  a  card  of  invitation  for  Lady  Hamilton  and 
myself,  to  meet  the  Queen  and  Priuce  at  the  Viceregal  Lodge  on 
the  evening  of  that  day,  and  I  persuaded  my  wife  to  come,  though 
she  is  very  shy  about  going  out.  There  seemed  to  be  no  actual 
presentations,  but  it  was  a  pleasure  to  see  the  Queen  by  candle 
light,  to  hear  the  music  which  was  performed,  and  to  meet 
acquaintances.  Lord  St.  Gennains,  when  Her  Majesty  had  re- 
tired, came  up  to  me,  and  gave  me  to  understand  that  Uie  Prince 
wished  to  receiye  personally  a  copy  of  my  book,  which  I  had  proposed 
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to  %end  him  through  his  secretary ;  and  on  the  Saturday,  about  3 
o'olcoky  I  had  a  pleasant  interview  (which  was  strictly  a  tite-d-Ute 
one)  with  His  Boyal  Highness  for  that  purpose.  There's  gomp 
for  you  and  Mrs.  De  Morgan  ! 

*  P.  8. — I  had  the  honour  of  meeting  the  Queen  and  Prince  at 
the  Viceregal  Lodge  in  1849 — I  do  not  mean  of  conversing  with 
them  :  and  she  was  pleased,  soon  afterwards,  to  command  Colonel 
Phipps  to  write  to  me,  and  to  thank  me  for  two  sonnets  which  Lady 
Clarendon  had  the  goodness  to  forward.  But  I  am  sure  that  I 
must  have  told  you  all  this  before.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Gamden-biriebt,  Camdbn  Towk, 

<  September  12,  1863. 

*  Tou  will  receive  by  post  a  copy  of  my  quarto  tract  on  Proba- 
bilities, under  circumstances  which  the  title-page  will  explain, 
binding  you  either  to  survive  me,  or  to  sell  your  books  in  Dublin. 

^My  great  error  is  in  page  28  of  the  little  treatise.  Eeaching 
this  down  to  refer  to,  I  find  that  I  interpreted  the  vignette  in  the 
title-page  as  follows : — "  The  lady  with  the  smallpox  is  owner  of 
the  ship  which  is  going  to  strike  on  the  rock.     She  says, '  If  I  die 

I'm  in  luck,  and  as  for  the  sailors  they  may  go  to ;  life 

and  ship  are  both  insured.' " 

^  Stirling,  if  I  remember  right,  preceded  Laplace  in  the  formula, 
so£ax  as 

-v/27r»  €'**n*. 
The  following : — 

v/2t«  w»  f*^^^ 
is  right  to  terms  involving  -^  inclusive* 

^  I  deduce  the  first  as  done  in  my  Trigonometry  from 

2  . 4 .  6  . . .  2w 
1.3.5...2n-l"V^ 

nearly,  when  n  is  very  great.    This  is  Wallis's.    Laplace's  method 
was  quite  his  own. 


{ 
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*  The  gossip  about  the  Queen  is  all  new.  I  never  saw  a  king 
or  a  queen  in  my  life,  except  Louis  Philippe  just  after  his  accession. 
I  never  saw  the  Duke  of  Wellington  but  onoe,  for  a  few  minutes^ 
in  the  House  of  Lords — the  only  time  I  was  ever  there  in  my  life. 
I  never  was  in  the  House  of  GommonSy  or  in  the  Tower,  or  in 
Westminster  Abbey.  I  spent  only  one  and  three-quarter  hours  in 
the  Ghreat  Exhibition.  I  never  attended  a  meeting  of  the  Boyal 
Society  or  British  Association.  I  never  got  further  north  than 
Cambridge^  and  never  while  at  Cambridge  penetrated  to  the 
northern  extremity  of  the  town.  So  much  for  me  as  a  sight-seer 
and  traveller.  And  yet  I  have  been  in  three-quarters  of  the  globe 
— in  arms — ^not  as  a  combatant  but  as  an  infant.' 

IVom  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*  GABLoroFORD,  September  28,  1863. 

*  I  fired  off  so  many  letters  at  you  some  time  ago  that  you  may 
have  been  surprised  at  receiving  no  acknowledgment  of  your  note 
of  the  12th  of  this  month,  accompanying  the  valuable  present  of  a 
copy  of  your  quarto  essay  on  Probabilities.  The  fact  is,  that  I  left 
my  Observatory  on  the  10th,  proceeded,  through  Dublin,  Kings- 
town, and  Holyhead,  to  Chester;  went  thence  on  the  11th  to 
Manchester,  and  on  the  12th  through  Selby  (where  I  enjoyed  a 
Bussian  bath,  hot  vapour  succeeded  instantly  by  a  cold  shower)  to 
Hull.  At  which  place  it  was  that,  while  sitting  after  dinner  with 
a  pleasant  party,  on  (I  believe)  the  1 6th  of  September,  your  packet 
was  handed  to  me,  and  was  (by  my  host's  permission)  at  once 
opened.  Some  people  were  there  who  knew  you,  and  I  amused 
them  by  a  recital  of  some  of  the  things  and  people  which  you  had 
fiot  seen. 

^I  took  very  little  part  in  this  last  meeting  of  the  British 
Association,  having  in  fact  arrived  too  late  to  take  much,  for  the 
wedding  of  a  near  connexion  of  my  wife's  to  a  rich  and  young 
English  lady  took  place  in  Dublin  about  the  end  of  the  week  in 
which  the  Meeting  opened  at  Hull,  and  prevented  me  from  going 
early.  But  on  the  Thursday  of  the  subsequent  week  (Sept.  15th), 
I  joined  the  excursion  party  to  Beverley  and  Flamborough,  whioh 
was  a  very  pleasant  one.  The  day  was  delightful,  and  both  the 
Beverley  Minster  and  the  Flamborough  ClifEs  were  seen  to  great 
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advantage.  In  my  yisit  to  the  f  ormer,  I  had  the  advantage  of  the 
company  of  Dr.  Lee,  of  Philadelphia,  who  has  seen  all  the  great 
cathedrals  of  Europe ;  and  on  the  latter  (the  cliffs)  I  heard  Phillips 
and  Sedgwick  alternately  lecturing,  every  now  and  then,  as  we 
reached  one  or  another  point  of  interest.  Sedgwick  was  grand  in 
his  denunciation  of  the  ''base,  bloody,  and  brutal"  practice  of 
shooting  at  seagulls  in  their  breeding  time ;  but  admitted  that  he 
had  done  it  himself  long  ago,  ''  before  he  was  civilised  " !  There 
was  a  bye-play  going  forward,  which  however  did  not  succeed,  to 
get,  by  some  ''  correlation  of  physical  forces,"  into  the  orator's  hand 
a  short  gun  which  Mr.  Grove  was  carrying. 

'  On  the  Saturday  evening  (Sept.  17th),  I  went  from  Hull  to 
York,  where  I  remained  till  the  Tuesday  morning,  attending  at 
the  Minster  twice  on  Sunday,  and  seeing  the  Walls,  &c.,  with 
Phillips  on  the  Monday,  besides  meeting  Dr.  Daubeny,  of  Oxford, 
and  Mr.  Babington,  of  Cambridge,  and  seeing  the  moon  through 
an  excellent  telescope  of  Phillips's,  and  photographs  of  it  made  by 
the  same.  On  Tuesday  evening  I  visited  Bolton  Abbey,  and  again 
on  Wednesday  morning  (Sept.  21st)  ;  went  thence  by  Skipton  to 
Morecambe,  and  crossed  by  the  Faugh^a-Ballagh  (for  bs. !)  to 
Belfast,  where  I  breakfasted  and  dined  with  my  hostess  of  last 
year,  and  on  the  Thursday  evening  reached  my  old  friend  Thomas 
Disney  here  (at  Garlingford),  in  time  to  anticipate  some  frightful 
equinoctial  gales.  GK)ing  out  to  see  the  quarries  which  are  said  to 
be  curious,  I  remain,'  &c. 

[It  has  been  stated  in  Vol.  11.  p.  692  of  this  work,  that  Sir  W. 
B.  Hamilton  was  asked  to  become  a  Trustee  of  the  GhAild  of 
Literature  and  Art,  founded  by  the  first  Lord  Lytton,  then  Sir 
Edward  Lytton  Bulwer.  The  application  was  made  through 
Professor  De  Morgan,  and  many  letters  passed  on  the  subject,  for 
the  final  reply  of  Hamilton  was  delayed  till  nearly  a  month  had 
elapsed  from  the  date  of  the  proposal.  The  impatience  of 
De  Morgan  at  his  friend's  delay  was  amusingly  manifested  in  the 
interval,  but  it  will  suffice  to  print  here  the  commencement  of 
De  Morgan's  first  communication  of  the  proposal,  showing  how  it 
originated,  some  characteristio  bits  from  succeeding  letters,  and 
Hamilton's   considerate    and  judicious  acknowledgment  of  the 
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oompliment  paid  to  him.  He  ultimately  suooeeded  in  obtaining  his 
viah  to  be  a  simple  Member  of  the  Council  rather  than  a  Trustee.] 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Cakdxn-stbeet,  Camdkn  TowNi 
<  October  4,  1853. 

'  Last  night  I  attended  a  meeting  of  the  constituent  committee 
of  the  Quild  of  Literature  and  Art — a  new  formation  for  the  benefit 
of  authors — ^Literature  including  Science — 0.  Dickens  in  the 
chair.  It  is  well  taken  up  by  first-rate  Uterary  men.  The  subject 
of  trustees  being  brought  forward^  and  a  beating-up  for  good 
names  going  forward,  it  was  suggested  that  we  should  look  to 
Ireland  among  other  places,  and  Dickens  immediately  suggested 
you — not  I,  mind — I  said  never  a  word.  All  I  did  was,  when 
this  meeting  of  literaries  and  arts— not  a  scientific  among  them 
but  myself — ^had  caught  up  your  name  in  a  manner  which  would 
have  shown  you  that  even  portrait  painters  have  heard  of  quater- 
nions—all I  did,  I  say,  was  to  glorify  myself  by  declaring  myself 
a  correspondent  of  yours,  and  to  offer  to  ask  you  ...  I  hope  you 
will  let  me  have  a  line  to  say  you  will  accept. 

^  October  12.  ...  I  am  just  packing  up  the  MSS.  of  Baily's 
account  of  Flamsteed,  for  deposit  at  Greenwich,  with  other  papers. 
You  and  I  are  no  hand-writers  compared  with  him.  The  oopies 
of  the  letters  in  the  Appendix  to  Flamsteed  are  not  perfect,  many 
being  printed  from  originals,  so  I  do  not  collect  them.  The 
enclosed  is  a  genuine  bit  of  the  manuscript,  which  will  illustrate 
what  I  say,  and  you  may  paste  it  into  p.  108,  of  your  Flamsteed 
in  memoriam, 

*  October  19.  ...  I  saw  Lord  Brougham  with  the  Quaternions 
in  his  hand,  packing  up  for  France.  I  told  him  he  had  a  nut  in 
his  hand.    His  teeth  are  pretty  strong  ones. 

October  29.  ...  I  hope  you  have  not  been  ill :  if  you  have,  it 
is  the  reaction  after  quaternions,  and  lyou  must  amuse  yourself 
diligently.  Meditate  conundrums.  For  example :  When  there 
are  three  young  ladies  in  a  league,  what  proverb  applies  P  Answer  : 
A  miss  is  as  good  as  a  mile-    I  consider  this  a  mathematical 
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question:  What  English  surname  read  forwards  directs  you  to 
continue  at  dinner,  and  read  backwards,  in  Iriahj  gives  a  reason  for 
it  P  Answer :  Eaton.    Make  a  worse  than  this  and  you  shall  have 
the  time  for  answering  enlarged  24  hours.    You  have  no  idea^ 
what  a  comfort  this  straw  paper  is.' 

[He  had  previously  written  '  This  paper  is  made  of  %trawy  and 
if  you  write  on  it  you  will  find  your  pen  runs  along  it  without 
catching/] 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

'Observatory,  October  Z\^  1853. 

^  I  have  not  been  ill,  but  the  illness  of  a  friend  very  long 
beloved  by  me,  .combined  no  doubt  with  something  of  that 
reaction  from  hard  study  which  you  speak  of,  has  so  much 
affected  my  spirits  during  the  whole  of  this  now  expiring  month, 
that  I  have  scarcely  been  able  to  attend  to  anything  like  business, 
and  have  left  several  letters  unanswered,  including  even  some  from 
ladies — one  of  whom,  with  the  professed  object  of  inducing  me  to 
repay  her  in  kind,  has  sent  me  a  manuscript  poem  of  her  own,  with 
some  additional  verses  to  myself ! — ^nor  have  I  felt  up  to  making 
even  one  visit  this  month  to  the  now  closing  Exhibition  in  Dublin, 
to  which  I  had  gone  innumerable  times,  before  my  late  excursion 
to  Yorkshire  and  the  North  of  Ireland. 

'  Still  I  did  write,  without  sending,  two  or  three  notes  to  you, 
on  which  I  cannot  at  this  moment  lay  my  hand,  relating  to  the 
very  gratifying  honour  which  the  members  of  the  constituent 
committee  of  the  new  Guild  of  Literature  and  Art  have  paid  to  me 
by  inviting  me,  through  you,  to  become  a  trustee  to  one  of  their 
funds. 

*  If  I  had  been  a  member  of  that  committee,  I  should  most 
sincerely  (and  not  at  all  in  the  spirit  of  a  young  lady's  No,  nor  of 
the  traditionally  believed-in  saying  of  the  Nolo  episcopari)  have 
made  a  very  decided  remonstrance  against  their  adopting  such  a 
course ;  although  the  interest  which  I  really  feel  in  the  new  Insti- 
tution, and  the  sense  entertained  by  me  of  the  compliment  offered 
to  myself,  have  rendered  it  difficult  and  painful  for  me  to  return 
a  peremptory  refusal. 

VOL.  III.  2  H 
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'  Soientiflo  standing  and  social  probity  may  be  assamed ;  bnt 
they  seem  to  me  to  be  quite  inadequate  grounds  for  putting  for* 
ward  my  name  before  the  world,  and  especially  before  the  world  of 
London,  in  so  responsible  and  prominent  a  character  in  connexion 
with  this  new  Ghiild. 

*•  If  a  trustee  is  to  be,  even  slightly,  of  use  as  such  to  the  Insti- 
tution, he  ought,  I  think,  to  possess  wealth,  or  rank,  or  business 
habits,  in  a  degree  far  greater  than  mine ;  and  indeed  it  appears 
to  me  that  a  residence  in  or  near  London  ought  to  be  counted 
an  almost  necessary  qualification. 

*  As  to  rank,  my  little  *^  Sirship  "  (I  am  not  a  baronet)  can  go 
for  Tcry  little  indeed.  As  to  wealth,  though  not  an  embarrassed 
man,  I  am  anything  rather  than  a  rich  one ;  and  just  now  am 
looking  forward,  with  great  disrelish,  to  the  prospect  of  being 
called  upon  to  discharge,  next  Christmas,  the  large  balance  of  my 
printer's  bill.  And  as  to  business  habits,  although  my  recent  pro- 
crastination about  writing  has  been  perhaps  abnormal,  and  above 
the  average,  at  least  in  corresponding  with  you,  it  may  still  serve 
to  suggest  the  inconvenience  of  having  to  transact  affairs  by  post 
with  a  person  who  seldom  goes  to  London. 

*  For  my  own  part.  Irishman  as  I  am,  and  desirous  that  Ireland 
should  be  in  some  degree  represented  in  this  beneficent  and  impor- 
tant undertaking,  I  must  confess  that  I  do  not  see  the  necessity 
of  having  an  Irish  trmtee  to  any  of  the  funds  of  the  Institution. 
If  I  did  so,  I  should  risk  the  being  supposed  intrusive,  both  to 
them  and  to  him,  by  suggesting  to  you  that  my  old  friend  and 
brother- author,  the  Eev.  Humphrey  Lloyd,  D.D.,  Senior  Fellow 
of  Trinity  College,  Dublin — who  knows  as  much  (perhaps)  about 
literature,  and  more  about  art  than  myself — and  who  is  in  a  very 
much  more  comfortable  position  as  to  fortune,  would  be  a  person 
very  proper  to  be  named.  Or  my  quondam  pupil,  the  Earl  of 
Dunraven,  would,  by  tastes  and  position,  be  well  fitted  for  the 
post.  But  you  will  conceive  that  I  have  not  thought  myself  at 
liberty  to  mention  the  matter  to  either  of  them. 

'  If  I  might  choose  my  own  place,  it  would  be  that  of  a  member 
of  the  Council.  Joined  thus  with  many  others,  I  could  not  seem 
to  lookers-on  to  have  obtruded  myself ;  and  yet  it  would  be  opea 
to  me  to  offer,  from  time  to  time,  without  an  air  of  intrusion,  any- 
such  suggestion  or  information  as  might  appear  to  me  likely  to  be 
useful. 
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'  I  assure  you  that  it  is  my  real  wish  to  oooupy  some  such  less 
prominent  (though  still  honourable)  post.  But  if  the  Council  or 
constituent  Committee  should  desire  to  overrule  these  objections, 
you  will  not  be  surprised  that,  however  satisfied  /  personally  am 
of  (not  merely  the  integrity  but  also)  the  prudence  of  the  con- 
ductors of  the  plan,  still,  in  justice  to  my  wife  and  others,  I  should 
expect  to  be  allowed  to  consult  a  confidential  law  adviser,  on  the 
subject  of  the  security  afforded  by  the  trust  deed,  or  act  of  incor- 
poration, against  personal  and  pecuniary  liability. 

^  You  say  nothing  about  the  subscription  expected.  I  should 
not  like  at  present  to  promise  more  than  an  annual  pound  or  guinea, 
though  I  might  probably  manage  (councillor  or  not)  to  contribute 
a  few  more  as  a  donation. 

*  Whether  you  show  this  letter  or  not — and  I  have  no  objection 
to  your  doing  so — I  beg  that  you  will  at  least  present  to  the  mem- 
bers of  the  constituent  Committee  the  assurance  of  my  very  high 
respect,  and  also  of  my  sympathy  with  their  design,  and  admira- 
tion of  the  personal  sacrifices  by  which  it  has  been  signalised.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Camden-stkbet,  Camden  Town, 
'  December  10,  1853. 

'  If  you  can  say  that  Double  Algebra  has  an  inventor,  you  may 
say  that  a  chronometer — as  distinguished  not  from  a  watch,  but 
from  a  turnip — has  an  inventor.  I  hold  it  to  be  a  piecemeal  job, 
and  if  my  recollections  are  good,  I  could  set  Servois  about  as  high  as 
Argand.  I  hold  with  Peacock  that  Bu^e  is  the  first  formal  main- 
tainor of  the  exposition  of  y^ITi.  See  Report  on  Analysis.  I  do 
not  hold  Bu^e  to  have  extended  the  whole  system.  There  is  no 
subject  more  likely  to  produce  in  time  a  priority  controversy  about 
ivho  among  those  who  forget  first  to  settle  what.  The  essentials  of 
a  subject  are  subjective  things,  so  that  different  persons  are  really 
and  truly  the  inventors  to  different  people. 

^AB   being   your    good    wishes    about    the    new    year,   let 

BA  =  ab: 


H2 
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Ftvm  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

<  Obsertatokt,  December  15,  1853. 

^To  deoypher  the  enolosed  paper  (No.  1)  would,  I  am  sure,  be 
mere  child's  play  to  you,  but  as  stAch  I  spent  a  part  of  yesterday 
evening  upon  it,  and  wrote  (No.  2)  in  reply,  to  show  that  I  had 
found  out  the  key  and  oould  use  it.  I  wished  merely  to  divert  my 
mind  in  every  possible  way,  though  I  have  grown  interested  again 
in  quaternions  and  such  things,  and  am  also  trying  a  few  tele- 
graphic experiments  with  my  seoond  son  (Archibald),  he  being 
quite  my  teacher  in  them,  and  having  stretched  a  wire  of  about 
100  yards  across  my  lawn,  equal  (he  estimates)  to  four  or  five 
miles  of  wire  of  ordinary  thickness,  ivith  two  plates  sunk  in  the 
earth,  and  a  small  water  battery,  by  which  apparatus  he  deflects 
very  nicely  a  galvanometer  needle  in  my  study.  All  this  is  a 
preparation  for  our  trying,  on  Airy's  invitation,  to  connect  galvani- 
cally  this  Observatory,  after  some  time,  with  that  of  Greenwich. 
He  (my  son)  has  succeeded  in  connecting  our  transit  and  dome 
docks,  and  is  just  going  to  show  me  the  experiment.  Tho',  by 
the  way,  some  sacrilegious  person  has  lately  stolen  a  brass  tube, 
which  had  been  his  positive  pole  I  and  was  left  outside  the  house. 
The  rest  of  the  battery  was,  curiously,  imtouched.  I  am  ashamed 
to  say  that  I  have  not  yet  answered  Airy's  letter. 

*  But  talking  of  cyphers,  I  enclose  you  another  (No.  3),  which 
also,  though  far  from  being  a  practised  hand,  or  anything  like  it, 
I  amused  myself  lately  by  translating.    Even  this  easiest  foi^m  of 
cypher,  with  wards  and  with  one  symbol  for  each  English  letter 
distinctly  separated  (and  I  should  not  like  to  attempt  any  other, 
but  think  that  I  could  deoypher  any  passage  so  written,  if  it  were 
not  shorter  than  these  specimens),  might  give  instructive  work  to 
some  more  skilful  person,  if  applied  to  hxiy  foreign  language.     So 
if  you  ever,  as  a  Christmas  amusement,  send  me  any  such,  please 
to  let  it  be  in  English,  and  on  the  above-said  easiest  plan.    But  a 
form  of  secret  vmting  has  occurred  to  me,  which  I  can  scarcely 
imagine  how  any  human  ingenuity  could,  without  a  hint,  make 
out,  although  it  has  an  absolutely  definite  key.    If  you  know  any 
one  who  likes  trying  such  things,  I  would  enclose  a  passage,  ort 
several  passages,  of  English  written  on  this  new  plan ;  and  thou^^Ixl 
I  think  a  large  sum  might  safely  be  offered  as  a  reward,  tho\ 
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sucoessf al  disooverer  of  the  secret  must  be  content  with  the  tribute 
of  my  unbounded  admiration  !  I  could  send  you,  if  you  choose,  a 
sealed-up  paper  containing  the  key,  and  a  translation,  to  be  opened 
by  you  at  some  stated  time.  Observe  that  I  do  not  bind  myself 
to  attempt  the  solution  of  any  such  problem  in  return. 

*  Now  for  the  clocks ! 

*F.  S. — ^I  have  a  scruple  of  conscience  about  wasting  the  time  of 
my  old  acquaintance,  Dr.  Hincks.  by  sending  him  anjrthing  in  my 
cypher  (cipher  P) — he  might,  I  am  so  audacious  as  to  imagine,  gwe 
it  up  at  last,  but  not  till  after  long  efforts!  Theresa  uxipuierxce 
for  you!  Perhaps  you  have  heard  that,  long  ago,  he  obtained  a 
prize  of  Fifty  or  a  Hundred  Pounds,  which  some  one  (I  think  it 
was  Chenevix)  had  offered,  in  the  confidence  that  it  could  never 
be  claimed. 

*  P.  S.  No.  2. — You  may  show  (or  send)  this  note  to  Airy  if  you 
choose,  as  a  basis  for  the  '^  re-opening  of  negotiations  between  the 
high  contracting  powers." ' 

JFi*om  the  Same  to  the  Same. 

'  Obseryatobt,  December  17,  1863. 

^  Your  note  of  the  16th  ought  perhaps  to  have  reached  me 
yesterday  instead  of  this  morning ;  and,  if  so,  I  should  sooner  have 
expressed  my  sympathy  in  your  parental  anxiety  for  your  daughter, 
at  an  interesting  time  of  her  life,  and  important  crisis  of  her  health. 
You  know  how  apt  I  am  to  talk,  at  least  to  you  (for  I  am  some- 
what more  guarded  with  people  in  general),  about  my  oim  daughter. 
A  few  years  ago  she  was  attacked  by  scarlatina,  and  though  I  was 
told  that  the  sickness  was  infectious,  I  could  not  be  kept  out  of  her 
sick-room.  Notwithstanding  the  celebrated  song  in  the  Beggars' 
Opera — I  suppose  sung  by  Macheath  P  or  by  the  gaoler  P  (I  must 
some  day  refresh  my  memory) — "  I  wonder  any  man  alive  Would 
ever  rear  a  daughter,"  I  would  have  always  given  the  order 
^*  ToUito  "  :  and  now  that  I  have  fallen  on  other  times,  I  am  apt 
to  estimate  the  happiness  of  any  friend  of  mine  by  the  circum- 
stance of  his  or  her  having  a  daughter.  Of  course  the  most 
exquisite  tinhappiness  might  be  derived  from  such  a  source ;  but 
that  alternative  we  may  dismiss  from  thought.     I  have  been 
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showing  my  child,  Helen  (what  is  your  daughter's  nameP),  at  her 
own  wish,  ever  so  many  astronomical  things  to-day — not  that  she 
understands  them  all.' 

From  A.  De  Moroan  to  Sir  W.  R.  Hamilton. 

<  7,  Caicdbn-strbet,  Gavdeit  Towv, 
'  January  10,  1854. 

'  I  think,  if  I  remember  right,  that  I  wrote  you  a  short  note, 
telling  you  how  completely  the  illness  of  my  eldest  daughter  pre- 
vented my  even  reading  your  notes.  On  the  23rd  of  last  month 
she  died  in  her  sixteenth  year ...  I  am  just  beginning  to  recover — 
I  will  not  say  my  spirits — but  power  enough  to  attend  to  things  not 
absolutely  essential.  I  shall  take  your  different  notes  soon.  I 
read  them  hurriedly  as  received,  but  have  quite  forgotten  the  con- 
tents. In  fact,  all  my  papers  look  as  they  might  if  I  had  been 
suddenly  carried  off,  all  round  the  world,  and  set  down  again  at 
my  desk. 

^  I  see,  however,  that  I  have  a  sheet  to  return  [questions  set  by 
Hamilton  at  the  Examination  for  Bishop  Law's  prize]  which  I 
hope  you  have  not  felt  the  want  of.  Do  you  mean  to  make  Dublin 
the  first  school  of  this  kind  of  analysis  in  the  world  P  If  not, 
what  do  you  mean  P ' 

*  Febfmary  13. — I  have  written  no  letters  at  all  beyond  obliga- 
tory ones — until  now — but  I  am  very  well,  with  many  thanks  for 
your  kind  inquiries.  My  wife  was  very  much  obliged  by  the 
verses,  which  she  liked  very  much.  Of  mathematics  I  have  learnt 
nothing — only  taught — except  reading  some  of  Boole's  book.  I 
intend  in  a  little  while  to  put  together  Homer's  method  and  send 
it  you.  It  may  be  made  very  brief.  I  must  get  up  the  Quater- 
nions— at  my  next  leisure.     I  am  sadly  behind  in  them.' 

[On  the  15th  of  February  De  Morgan,  acquitting  himself  of 
his  promise,  sends  to  Hamilton,  in  a  letter  of  three  sheets  closely 
written,  an  exposition  of  Homer's  Method.  He  gives  the  Hindoo 
rules  for  Evolution,  Vieta's  extension  of  them,  and  Briggs's  com- 
pletion of  what  is  called  Newton's  approximation.  He  then  in- 
troduces the  Method  by  the  following  words  about  its  author : — 

*  Homer,  a  most  rare  and  peculiar  genius  for  the  organisation 
of  a  process,  brought  the  whole  case  oi  ^  =  a  for  every  form  of  ^, 


ll 
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algebraical  or  not,  under  an  organic  process.  He  either  did  not 
see,  or  seeing  did  not  value,  his  own  place :  when  ^  is  integral 
and  rational,  his  process  makes  him  what  no  other  European  inven- 
tor isy  the  extender  of  the  fundamental  organic  processes  of  arith- 
metic. He  is  the  only  inventor  of  his  class  whose  name  is  known 
or  whose  country  is  certain.' 

In  an  accompanjring  note  he  refers  for  further  information  to 
his  articles  ^Involution  and  Evolution'  in  the  Penny  Cychpcedia 
and  Supplement.    W.  Gh.  Homer  died  at  Bath,  Sept.  29, 1837.] 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

<  Obsbbvatobt,  February  20,  1854. 

'  The  following  little  schemes  are  designed  merely  to  show  that 
I  caught  clearly  your  explanation  of  Homer's  Process,  no  printed 
account  of  which  has  happened  to  he  seen  or  at  least  examined  by 
me  for  a  long  time,  if  ever ;  though  I  think  that  I  did  examine 
such  an  account,  about  twenty  years  ago,  at  the  request  of  the  late 
Secretary  Drummond  here— the  inventor  of  the  light  so-called — 
who  wished  to  have  my  opinion  of  the  process.  My  recollection  is 
that  I  reported  favourably  at  the  time,  but  never  pursued  the  sub- 
ject. It  was  by  cube-roots  and  Cardan's  Rule  that  I  found  a  few 
months  ago  (partly  as  an  exercise  to  show  my  boys)  the  real  root 
of  a;'-4a?»-lla?-30=.0  to  be  nearly  =  +  6-434247,  which  I  now 
see  that  Homer's  method  of  calculation  confirms.  The  work  seems 
to  run  thus :  .  .  .  February  23rd. — I  have  recently  solved  (on 
Monday  last)  a  linear  and  partial  differential  equation  in  bi-qua- 
temions — the  first,  perhaps,  of  its  kind  (in  point  of  time).  Mr. 
Carmichael  expressed  lately  to  me  a  wish  to  know  the  general 
integral  of  {iD^  -^jDy)  Z7  =  0,  and  I  have  given  him  this  solution 
(A  being  the  old  v/~i) :  U^  {iD^  +y^y)"'  0  =  (*  +  A)  {Dy  +  hD^Y'  0 
+  (A-A)  (2)y-A2),)-*0;  =  also  (1  + AA)*(ir+ Ay)  +  (l-AA)^(a?-Ay) 
where  4>,  ^  are  two  arbitrary  bi-quatemions  involving  hijk  in  any 
manner.  Pray  keep  a  note  of  thisy  for  I  think  it  an  important 
germ.  The  existence  of  two  arbitrary  functions  in  this  integ^  of 
an  equation  of  the  first  order  is  a  startling  departure  from  the 
analogy  of  the  older  algebra.     That  I  can't  help  any  more  than 
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From  A  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  Obsertatobt,  March  4,  1854. 

*  I  accept  your  apology  for  a  primordinal  quaternion  equation 
containing  two  arbitrary  functions,  namely,  that  it  was  not  your 
doing.  I  have  often  heard  inventors  blamed  for  complexities 
which  they  had  no  hand  in  making,  but  found  ready  made  in 
subjective  nature.    But  arbitrary  functions  are  queer  fishes — for 

instance,  -73^  "-Ta^  solved  by  one  arbitrary  function,  if  you  take  / 

as  the  principal  letter,  and  by  two  really  distinct  ones  if  you  take 
X — and  the  two  are  no  more  than  co-extensive  with  the  one,  and 
the  one  is  resolvable  into  the  two.' 

From  Sir  W.  R.  Hamilton  to  A.  DeMoroan. 

*  Obsehvatokt,  March  7,  1854. 

*  Though  I  still  hold  to  the  correctness  of  my  integral 

Cr=  (1  +  hk)<P(x  +  Ay)  +  (1  -  hk)^{x  -  Ay)  .  .  .  (C), 

and  of  the  equivalent  form 

Cr=(jfc  + A)  (Dy  +  A2).)-'0  +  (A-A)  (Dy -  A2)^)->  0  .  .  .  (D), 

where  A  is  the  old  v/^y  as  sent  on  February  20th  to  Mr.  Garmichael 
• . .  yet  I  have  had  the  satisfaction  of  discovering  a  transformation 
quite  regularly  flowing  by  the  laws  of  my  calculus  from  the  form 
G  or  D,  and  involving  only  one  arbitrary  function,  though  that  is 
of  the  ii-quatemionic  kind,^namely,  the  following : — 

Cr.  (tZ),+yZ)y)-»0-^^O(y) . . .  (E). 

d^z     dz 

*  The  analogy  to  the  history  of  73  «  — ,  though  I  am  not  tcell 

CfjT         ut 

up  in  history  at  present,  did  not  fail  to  occur  to  me.' 

From  the  Same  to  the  Same. 

*  Obsebvatort,  March  14,  1854. 

'  I  this  day  took  down  from  a  shelf,  where  it  had  long  tran- 
quilly reposed,  the  second  volume  of  Auguste  Comte's  Cotirs  de 
Philosophie  Positive  (Paris,  1835),  and  read  a  considerable  part 
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of  it.  My  daughter  looked  over  my  shoulder  during  a  short 
portion  of  the  time  so  employed  ;  and  from  the  glance  which  she 
gave  was  led  to  say  that  she  thought  it  must  be  a  much  less  inte- 
resting work  upon  astronomy  than  Bailly's  History  of  that  science 
(Paris,  1805)  y  which  she  has  been  slowly  reading  with  me  in  the 
French.  To  hei\  of  course,  Comte's  book  would  have  been  such, 
if  she  had  found  time  and  patience  to  read  it.  To  mey  however, 
who  am,  or  was,  something  of  a  metaphysician,  it  is  an  extremely 
interesting  composition,  the  atheism  notwithstanding,  which  (I 
think)  scarcely  irritates  me  at  all :  for  the  author's  sake  I  might 
naturally  wish  it  to  be  otherwise ;  but  as  regards  myself,  in  read- 
ing, his  point  of  view  and  mine  are.  too  entirely  remote  from  each 
other,  on  such  subjects,  to  leave  any  practical  chance  of  a  collision. 
I  think  that  I  am  reasonably  tolerant  of  differences  of  opinion,  in 
aU  things  whatsoever ;  but  suppose  that  it  would  be  easier  to  get 
me  into  an  angry  mood  (at  least  the  commonly  observed  circum- 
stances of  human  nature  would  favour  that  conjecture,  though  I 
have  not  actually  experienced  the  occurrence  in  myself)  on  some 
point  of  interpretation  of  the  thirty-nine  articles  of  my  own  Church, 
than  on  the  grand  and  fundamental  question  of  the  very  existence 
of  religion,  as  a  rightful  thing,  which  Comte  so  haughtily  puts  by. 
Begretting,  therefore,  for  his  Ofcn  sake,  his  contempt  of  "  kfameujc 
verset :  Coeli  enarrant  gloriam  Det\'*  but  not  wishing  to  bum  him  for 
it,  I  turn  to  a  few  statements  of  his,  respecting  aatronomyy  in 
which  he  has  ventured  to  be  a  little  mathematkal ;  and  ask  you 
whether  you  think  that  certain  things,  about  to  be  particularised, 
are  not  blunders ;  and  whether,  if  such,  they  can  fairly  be  thrown 
upon  the  printers  P 

*'  Comte  justly  dwells  on  the  importance  of  the  two  grand  sorts 
of  measiurement  in  astronomy:  the  measurements,  namely,  of  Time, 
and  of  Angle.  I  think,  indeed,  that  if  I  took  down  Biot's  Astro- 
nomie  Physique  (for  example)  from  my  shelves,  I  should  find  the 
same  distinction  and  enumeration  made,  and  dwelt  upon  ;  but  let 
that  pass,  for  the  present.  Well,  Comte  proceeds  to  speak  of 
Gtilileo  and  of  Huyghens,  in  connexion  with  Pendulums  and  the 
measurement  of  time  ;  and  here  let  me  acknowledge  that  I  greatly 
admire  in  Comte  his  capacity  of  admiration^  and  the  earnest  praise 
which  he  gives  to  some  great  men — for  instance,  to  the  two  just 
mentioned,  and  to  others,  among  whom  I  may  name  Fourier  (the 
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subject  of  a  sonnet  of  my  own).  But  please  to  turn  to  the  account 
which  Comte  puts  forward  of  the  Isochronism  of  the  Cydoidal 
Pendulum,  and  the  curious  metamorphosis  which  under  his  hands 
is  undergone  by  the  doctrine  of  the  equality  in  time  of  the  small 
and  large  swings  thereof,  in  pages  57,  58,  of  the  volume  above 
referred  to.  Or  rather,  to  save  you  trouble,  and  because  you  may 
not  happen  to  have  the  book  in  question  within  your  library  at 
present,  permit  me  to  quote  the  passage.  *^Car  il  en  r^sultait"  (he 
means  from  Galileo's  discoveries)  "  n^cessairement  que  la  vitesse 
d'un  poids  qui  descend  suivant  une  courbe  verticale  d^croit  &  mesure 
qu'il  s'approche  du  point  le  plus  has,  en  raison  du  sinus  de  I'incli- 
naison  horizontale  de  chaque  ^16ment  parcouru:  de  sorte  qu'on 
pouvait  ais^ment  oonoevoir,  que,  par  une  forme  convenable  de  la 
courbe,  I'iBOchronisme  des  oscillations  serait  obtenu  si  le  ralentisse- 
ment  se  trouvait,  en  chaque  point,  compenser  exactement  la  diminu- 
tion de  Tare  &  d^crire."  Can  you  stretch  your  intellectual  charity 
so  far  as  to  believe  that  the  author  of  the  foregoing  sentence  knew 
what  he  was  talking  about  P  Can  you  believe  that  at  the  time  he 
knew,  or  at  all  events  that  he  remembered,  the  distinction  between 
velocitas  and  vis  acceleratrix  P  Not  that  /  pretend  to  have  read 
the  celebrated  treatise  *^  De  Horologio  Oscillatorio  " :  that  is,  I  trust, 
a  pleasure  to  come.  But  some  elementary  dynamical  notions  are 
not  so  easily  forgotten. 

'  Again,  just  turn  to  page  76  of  the  volume  referred  to,  or  let 
me  quote  a  sentence  from  it  here,  respecting  astronomical  refrac- 
tions: — ^'L'usage  r^el  de  ces  formules  est  tellement  peu  fonda- 
mental  ddsormais,  dans  les  determinations  de  ce  genre,  que  Ton 
regarde  conmie  presque  indifferent,  par  exemple,  de  supposer  la 
refraction  proportionelle  au  sinus  ou  &  la  tangente  de  la  distance 
z^nithale  apparente.  Si  des  tables  qu'on  presente  comme  fondles  sur 
des  hypotheses  math^matiquement  aussi  differentes  coincident  n^an- 
moins,  en  r^alite,  d'une  mani^re  presque  absolue,  jusqu'  k  80^  du 
zenith,  c'st  sans  doute  parce  que  ces  hypotheses  n'ont  pas  jou^  on 
rdle  e£Fectif  bien  important  dans  leur  construction." 

*As  to  this  assertion  of  Comte,  that  astronomers  treat  it  as 
almost  indifferent,  or  at  least  as  an  unimportant  question,  whether 
they  should  regard  the  refraction  as  proportional  to  the  sine,  or  to 
the  tangent,  of  the  zenith  distance,  I  can  only  conjecture  that  he 
may  have  chanced  to  cast  his  eye  on  certain  tables  appended 
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to  the  Connai^ance  des  TempSy  for  the 

,  ,    -  /     cosinus  hauteur  vraie    \  ,  - 

Yaleurs  de  losrar.    — -    - , -j-  1 ;  some  deirree  of  oon- 

\co8mus  hauteur  apparente/  ^ 

stancy  of  course  exiBting,  in  the  addition  for  re&action  to  the 
logarithmic  sine  of  the  observed  zenith  distance.     It  would  seem 

dz 

that  Oomte  did  not  know,  or  had  forgotten,  that  d  log  sin  z  =  7 . 

lan  2 

'  But  is  it  becoming  that  a  man,  ignorant  of,  or  forgetting,  a 
thing  so  very  elementary,  should  lecture  the  human  race  on  mathe* 
tnatical  subjects  P  and  get  a  certain  amount  of  credit  from  clever 
readers  in  general,  as  if  he  were  admitted  to  be  a  mathematician  P 
and  even  to  be  one  of  a  somewhat  high  order  P  He  speaks  of  final 
causes  (p.  37,  note)^  as  having  been  praised  by  astronomers  on 
anatomical  grounds,  and  by  anatomists  on  astronomical  ones.  Has 
not  Comte  himself  been  deferred  to  by  physiologists  as  if  he  were  a 
mathematician,  which  he  certainly  is  not^  and  by  mathematicians 
as  if  he  were  a  physiologist,  which  I  strongly  doubt  him  to  be  P 
I  mean,  of  course,  in  an  accurate  sense  of  the  word,  for  certainly 
I  do  not  pretend  to  be  a  judge  myself  of  the  degree  in  which  he 
may  approach  to  being  so. 

*  (March  16M,  1854,  Thursday  evening). — Just  starting  for 
Dublin,  to  attend  the  annual  and  stated  meeting  of  the  lioyal 
Irish  Academy,  of  the  Coimcil  of  which  I  was  elected  to  be  a 
member,  at  least  a  quarter  of  a  century  ago.  I  add  to  what  is  above 
written,  the  doubt  whether  it  was  a  printer's  mistake,  the  confusion 
between  sine  and  secant  in  the  sentence  of  page  110  : — '^  Car,  la 
s^cante  du  demi-diametre  apparent  d'un  corps  sph^rique  est  ^videm- 
ment  ^gale  au  rapport  entre  son  rayon  r^el  et  sa  distance  k  I'oeil." 
These  specimens,  which  I  could  easily  multiply,  may  suffice  to  justify 
a  profound  distrust  of  Auguste  Comte,  wherever  he  may  venture  to 
speak  as  a  mathematician.  But  his  vast  general  ability,  and  that 
personal  intimacy  with  the  great  Fourier,  which  I  most  willingly 
take  his  own  word  for  his  having  enjoyed,  must  always  give  an 
interest  to  his  views  on  any  subject  of  pure  or  applied  mathematics.' 


476   Correspondence  between  Sir  W.  Rowan  Hamilton  and 

From  A,  Db  Moboan  to  Sir  W.  E.  Hamilton. 

*  7»  Caksbn-street,  Gauden  Town, 
<  March  26,  1854. 

*  I  never  made  a  study  of  Comte  :  his  awful  verbosity  and 
great  self-suffioienoy  frightened  me.  I  should  hardly  have 
thought  him  so  poor  as  your  extraots  prove  him  to  be.  There  is 
nothing  to  justify  his  absurd  confusion  between  velocity  and 
acceleration  in  Huyghens,  whom  I  have  just  looked  at  again. 
And  as  to  his  refraction,  I  am  utterly  at  a  loss  to  make  him  out, 
as  to  what  he  means. 

'  A  man  who  pronounces  the  results  of  what  man  can  fathom, 
or  think  that  he  fathoms,  to  be  a  final  system  of  knowledge,  is 
either  so  much  above  or  below  consideration  that  he  will  get  none 
from  me,  unless,  in  the  first  case,  he  brings  divine  authority  and 
miracles  with  him,  which  would  be  rather  suicidal.  An  anti- 
supernatural  revelation,  to  be  established  by  miracles,  would  be 
worse  than  the  sophism  of  Epimenides  the  Cretan.' 

[The  correspondence  from  De  Morgan's  letter  of  April  18  to 
his  letter  of  May  1  is  chiefly  concerned  with  Dupin's  well-known 
theorem  regarding  the  lines  of  curvature  on  a  system  of  orthogonal 
surfaces.  De  Morgan  begins  by  calling  Dupin's  proof  *'  diaboli- 
cal," and  giving  one  of  his  own  which  he  had  sent  to  the  Dublin 
and  Cambridge  Journal.  Hamilton  (April  20)  derives  a  quaternion 
proof,  for  which  {April  21)  he  claims  both  ^' conciseness "  and 
'^  clearness."  He  returns  [April  24)  to  De  Morgan's,  *'  with  great 
diffidence  venturing  to  object  to  any  analysis  of  yours,"  but  stating 
firmly  his  objections,  and  congratulating  himself  on  finding  Dupin 
to  be  in  agreement  with  him.  Repeating  this  [April  25),  he  gives 
additional  illustrations :— '*  All  this  may  show  that  it  has  not  been 
without  giving  the  subject  some  careful,  and  indeed  anxious  con- 
sideration— since  it  involves  some  difference  from  t/ou — that  I  have 
ventured  to  deny  the  truth  of  your  two  separate  equations,  while 
yet  I  admit  (and  contend  for)  the  truth  of  the  final  combinations." 
De  Morgan  {April  27)  thanks  Hamilton  for  his  criticism: — 
**  There  is  no  occasion  for  apologies :  if  it  be  wrong  it  is  wrong. 
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I  have  this  day  received  two  letters — one  from  an  Irish  Geometer, 
apologising  for  telling  me  he  thinks  me  wrong,  and  another  from 
a  Quaker  apologising  for  using  the  phraseology  of  his  own  Society. 
Pact,  I  assure  you.  Shades  of  Barclay  and  Penn,  and  shade  of 
Berkeley,  too,  if  you  come  to  that.  Bemember  in  future  that  I  am 
as  thick-skinned  as  the  crust  of  the  earth  on  all  matters  of  opposi- 
tion to  any  view  of  mine."  [Apnl  29). — "  Tou  are  right  about  the 
point  in  Dupin.  I  have  heard  of  a  man  who  used  to  say  that  any- 
body who  was  right  when  he  was  wrong  took  an  unfair  advantage 
of  him."  [May  1). — "  The  correction  of  my  mistake  about  Dupin's 
Theorem  brings  my  demonstration  in  fact  to  his."  Beferring  to 
demonstrations  in  two  different  parts  of  Dupin's  work,  he  says : — 
"  I  had  not  seen  except  the  earlier  one."  "  I  think  this  [the  latter] 
demonstration  must  have  slipped  notice."  A  Paper  by  Hamilton 
On  t/ie  celebrated  theorem  of  Dupin^  is  printed  in  the  ProC'Cedings  of 
the  R.  I.  Academy,  vol.  vi.  pp.  86-88,  May  8, 1864.  I  give  some 
extracts  of  interest  from  this  correspondence]  : — 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Gamden-btubbt,  Camden  Town, 
*  April  18,  1864. 

'Dupin's  proof  is  diabolical.  You  must  poke  native  genius 
into  infinitesimals  of  the  second  order  in  a  most  distressing  manner ; 
and  all  the  other  proofs  are  dreadfully — ^not  synthetical,  but  con- 
structive— that  is  to  say,  they  come  well  from  a  person  who  knows 
the  theorem,  but  have  not  the  least  smack  of  inquiry. 

*'  N.  B. — The  words  synthetical  and  analytical  are  often  used 
where  dogmatical  and  inquisitive  would  be  better  substituted  .  .  . 
I  hope  you  are  Eastering  to  your  satisfaction,  without  any  qualms 
firom  the  name  of  the  feast.  Perhaps  you  do  not  know  whence  it 
was  derived.  A  Quaker  would  be  more  shocked  at  it  than  at 
Wednesday.' 

From  Sir  W.  R.  Hamilton  ^0  A.  Db  Morgan. 

<  OBSREYATOKr,  April  24,  1854. 

*  That  proof  {Diveloppements  de  O^om^trie,  Ch.  Dupin  :  Paris, 
1813,  p.  526),  so  far  as  I  have  glanced  at  it,  seems  to  be  one  of  a 
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discoverer  rather  than  of  a  teacher ;  and  to  it,  as  to  a  large  part  of 
my  own  book,  I  should  wish  a  powerful  hydraulic  compression  to 
be  applied,  as  an  assistance  in  favour  of  future  readers.  But  do 
not  you,  who  have  so  much  originality  of  your  own,  recognise  the 
genius  of  DupinP  Indeed  I  know  that  it  is  unreasonable  and 
unnatural  to  think  otherwise  of  you.  You  may  dislike  (even 
diabolically)  this  or  that  proof  of  his :  but  he  would  be,  I  think, 
with  you  *^  le  bon  diable,"  if  it  fell  to  you  to  assign  him  a  place 
for  the  evening  among  a  mathematical  company  of  which  you 
were  the  head.' 

^  {April  29). — You  say  that  you  are  not  thin-skinned ;  or 
rather  that  you  are  '*  as  thick-skinned  as  the  crust  of  the  earth 
on  all  matters  of  opposition  to  any  view  of  yours."  It  may  amuse 
you  to  know  that  in  some  old  conversation  of  mine  with  Charles 
Graves,  he  said  to  me  '*  De  Morgan  is  not  thin-skinned."  Where- 
to I  replied  *'  De  Morgan  is  a  Hippopotamus! "  So  my  dear  Hip- 
popotamus, I  am,  as  ever,  yours,  &c. 

*  P.  S.— I  won't  call  you  «  Crust-of-the  Earth." ' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Caxdev-strbet,  Oakdbh  Towk, 
<^;;rfV29,  1854. 

'  Dupin  has  made  his  proof  appear  very  long.  But  he  writes 
evidently  in  the  early  day  of  the  subject.  Think  of  his  noticing 
1  -vpp'  -k-qq'  -0  B&  having  been  given  by  Monge  and  by  Lagrange 
— and  stating  where.  We  should  as  soon  refer  to  Leibnitz  for  the 
Bubtangent  of  a  curve.  I  fancy  few  look  as  far  on  into  Dupin's 
book.  When  I  referred  to  him  as  diabolical  I  meant  his  former 
demonstration,  p.  239.  But  I  admit  he  is  a  decent  devil  in 
mathematics.' 

*  {May  1). — I  intend,  when  I  become  old  and  venerable,  to 
write  some  letters  to  young  mathematicians  about  various  subjects, 
including  insensibility  to  attack  of  all  orders^priority-anzieties, 
&c.  &c.  I  shall  remember  to  have  an  Hippopotamus  neatly 
vignetted  for  the  title-page.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obsbbvatort,  AprH  26,  1854. 

'If  ever  you  shall  turn  your  attention  to  the  Calculus  of 
Quaternions,  I  am  convinced  that  you  will  do  it  much  good.     I 
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hope  you  admit  that  suoh  a  ^^Caloulus"  exists;  and  that  such  an 
expression  for  Dupin's  theorem  as  I  latelj  gave  you  is  (for  ex- 
ample) intelligible  to  persons  (suoh  as  there  are  several  in  my  own 
TJniversity)  who  have  received  or  acquired  a  certain  degree  of 
training.  .  .  / 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  7,  C^MDEir-STBEET,  CaVDEIT  ToWK, 

*  April  29,  1854. 

*  The  Calculus  of  Quaternions  is  most  certainly  a  calculus.  I 
am  afraid  I  shall  never  be  actually  engaged  in  it  as  a  matter  of 
speculation.  All  I  do  arises  directly  out  of  teaching,  and  has  in 
some  way  or  other  reference  to  what  can  be  brought  before  a  class, 
and  especially  with  a  view  to  mathematics  as  a  discipline  of  the 
mind.  I  have  never  had  time  for  more  than  naturally  arises  out 
of  my  occupations.  In  each  year  I  teach  the  whole  of  mathematics 
— from  Euclid,  Prop.  I.,  and  a-hb  =  b  +  ay  and  arithmetical  rules,  up 
to  definite  integrals,  the  method  of  least  squares,  and  the  like — 
in  four  different  classes,  each  meeting  three  times  a-week.  So  that 
unless  a  question  begins  in  something  relative  to  teaching  it  does 
not  fix  my  attention.  ...  I  have  at  last  become  fully  satisfied  that 
the  language  and  idea  of  infinitesimals  should  be  used  in  the  most 
elementary  instruction — ^under  all  safeguards  of  course.  I  intend 
to  write  something  on  the  rise  and  progress  of  this  idea — and  the 
history  of  it  is  curious.' 

[On  the  6th  of  May  Hamilton  sends  to  De  Morgan  Short  Notes 
on  the  Calculus  of  Quaternions^  the  object  of  which  was  to  show 
**  how  rules  of  calculation  with  quaternions  would  look  when  geo- 
metrical interpretation  was  kept  quite  in  the  background."  These 
"Notes"  fill  five  sheets  of  closely- written  note-paper,  and  have 
value  as  possessing  a  certain  completeness.  On  the  12th  of  May 
he  writes  again,  sajdng  that  when  he  came  to  consider  what  was 
on  the  side  of  calculation  the  simplest  way  of  proving  the  modular 
theorem^  a  theorem  extending  to  the  octaves  of  J.  T.  Graves  and 
Mr.  Cayley,  he  was  led  into  a  train  of  investigation  interesting  at 
least  to  himself.  This  investigation  he  then  sets  forth ;  but,  as  he 
soon  afterwards  communicated  it  to  the  Philosophical  Magazine^  it 
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is  here  omitted.  The  next  following  letters  refer  to  an  application 
of  quaternions  to  physical  science  which  has  been  mentioned,  supra^ 
page  5.  It  has  been  dealt  with  in  Tait's  Elementary  Treatise  on 
Quaternions,  §§  428  .  .  .  ] 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  OfiSEBYATORT,  May  26,  1854. 

'Your  note  has  been  received,  and  some  things  in  it  shall 
perhaps  be  noticed  more  fully  hereafter.  UieanwhUe,  I  am  in  a 
mood  to  tell  you  of  something  new,  before  my  first  interest  in  it 
shall  have  evaporated,  and  my  mind  turned  to  other  matters.  I 
MUST  bring  in  quaternions  (Hamlet  ttonH  let  himself  be  left  out), 
but  shall  assume  little  more  than  that  a  quaternion 

Q  =  cj  +  p  «  8Q  4  VQ  «  scalar  plus  vector, 

where  the  scalar  ci>,  or  SQ,  i&  a  positive  or  negative  number^  while 
the  vector  p,  or  FQ,  is  by  me  usually  constructed  as  a  directed  right 
line  in  tridimensional  space.  You  will  also  allow  me  to  assume 
that,  in  a  certain  definite  sense,  the  product  or  quotient  of  two 
vectors  is  generally  a  quaternion,  and  will  allow  me  to  difference 
and  differentiate. 

*  Well,  I  sought  this  morning  to  translate  into  my  own  nota- 
tion the  law  of  attractive  or  repulsive  action  (say/),  of  one  element 
de  of  a  current  on  another  element  de'  of  the  same  or  of  another 
current,  which  was  discovered  by  Ampere,  and  by  him  expressed 
under  the  form  {Thiorie  dee  PMnominee  Ekctrodynamiqueej  p.  217, 
&o.). 

(/.)  -  ^"^^y^,  or  -  2»VW  dif .  f^ ;  (1) 

the  respective  intensities  of  the  elements  being  t,  T,  and  their 
rectilinear  distance  r. 

'  I  took  p,  p  for  the  vectors  of  the  beginnings  of  the  elements 
(drawn  from  an  arbitrary  origin),  and  therefore  naturally  denoted 
the  directed  elements  themselves  by  d/o,  dp  ;  while  Ap  ^  p  -p 
expressed  the  directed  line  from  first  to  second;  so  that,  on  my 
principles, 

I  was  to  pick  out  the  part  involving  dp  and  dp'  each  in  the  Ist 


h 
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dimension,  from  the  development  of  {-(A/o  +  e2Ap)'}i;  and  then 
(treating  the  intensities  of  the  currents  as  eaoh  « 1)  was  to  multiply 
the  part  so  found  by  -  2  (-Ap*)^,  in  order  to  get  the  required 
translation  of  Amp^rd's  law.  Or  I  was  to  select,  by  the  condition 
mentioned,  the  proper  part  of  the  expansion  of 

or  the  proper  portion  of  this  part  thereof, 

2Ap»  ■*■  4 1^°  Ap  y  ' 

or  of 

{dp'- dp)*     Bf   dp'        dp\* 

This  part,  or  seleotion  portion,  is 


j._8.dpdp'     3     dp  ^dj^ 
^~     Ap»  2*Ap*A^' 


(a) 


which  accordingly  I  found  to  agree,  through  spherical  trigonome- 
try, with  a  perhaps  better  known  formula  of  Ampere  (quoted  by 
De  laBive,  and  investigated  by  Murphy,  &c.], 

ir'^dads'  (sin  9  sin  0^  cos  oi  -  ^  cos  0  cos  0^), 

when  6, 9"  are  the  angles  made  by  the  elements  with  their  connecting 
line  r,  and  w  is  the  dihedral  angle  with  that  line  for  edge.  So  far, 
all  is  mere  practice  in  my  cakulm  ;  and  you  may  say  the  same  of 
these  transformations  of  the  expression  (2), 

But  you  must  know  that  I  have  been  for  more  than  ten  years 
haunted  with  visions,  or  amused  by  notions,  of  some  future  appli- 
cation of  the  Calculm  of  Quaternions  to  Nature^  as  furnishing  a 
Calculus  of  Polarities.  (See  my  printed  letter  of  Oct.  17th, 
1843,  to  J.  T.  G.,  Philosophical  Magazine^  Supplement  to  Decem- 
ber number  for  1844,  p.  490).  More  definitely,  I  have  often  stated 
to  Lloyd  and  others  in  conversation,  my  expectation  that  it  would 
vol.  hi.  2  I 
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be  fonnd  possible  to  express  two  connected  but  diverse  physical  laws 
by  means  of  one  common  quaternion;  and  Faraday  may  possibly 
remember  my  ohat  with  him  at  Oambridgey  in  1845,  upon  the 
subject  of  the  analogy  of  the  products  of  ifky  to  the  laws  of  electri- 
cal currents  {if  «  +  A,  ji  «  -  £,  corresponding  to  phenomena  of  elec- 
tricity (see  British  Association  Report^  for  1845) . 

*'  Knowing  this  little  bit  of  my  own  history,  you  will  not  be 
surprised  that  I  sought  to  realize  my  old  expectation  to-day,  after 
having  translated  Ampere's  law  into  the  notations  of  the  Calculus 
of  Quaternions.  Having  expressed  his  attractive  force  between  two 
elements,  as  the  scalar  part  of  a  quaternion, 

/=  8Q,  (5) 

where  Q  may  have  either  of  the  two  forms  given  by  (3)  and  (4) — 
and  indeed  others  also,  which  I  thoughtless  proper  for  my  purpose 
— ^my  old  conjecture  led  me  to  surmise  that  there  might  be  some 
directive  force^  0,  perhaps  an  axis  of  a  couple,  perhaps  a  magnetic 
element,  or  what  else  deponent  sayeth  not,  which  should  be  ex- 
pressed as  the  vector  part  of  the  same  quaternion^  Q ;  in  such  a  viray 
that 

♦  -  VQ.  (6) 

The  form  which  (3)  would  give  for  Q  was  at  first  tried ;  but  I  found 
that  it  had,  what  appeared  to  me  to  be  inconsistent  with  the  law  of 
action  and  re-action,  the  property  of  not  changing  to  its  own  conju- 
gate  quaternion,  JTQ,  when  p  and  p'  were  interchanged.  From 
this  fault  the  quaternion  suggested  by  the  formula  (4)  is  free  ;  and 
accordingly  I  assumed 

«..j(^'.3r|r|'),  (7) 

and  proceeded  to  try^  as  a  mathematical  experiment,  whether  my 
old  conjecture,  expressed  by  the  recent  equation  (6),  might  not 
lead  me  to  the  re-discovery  of  some  known  law  of  nature,  or  at 
least  to  some  result  identifiable  with  such  a  law. 

^  I  soon  found,  by  combining  (6)  and  (7),  according  to  the 
rules  of  my  calculus,  the  expression 

^  =  i(3y5 .  mAX'- v» r.  XX') ;  (8) 

after  having  written,  for  conciseness, 

X  =  dp,  X'  =  dp',v«Ap-S  (9) 
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making  also 

F.XA=|i,  (10) 

we  have  this  somewhat  shortened  expression, 

♦  =  i(3v/8,v/ii-vV)>  (11) 

or  (by  the  rales  of  this  oaloulos), 

^-v(S  +  iF).iuv.  (12) 

XTp  to  this  stage,  I  assure  70a  that  no  reooUection  of  anything 

about  terrestrial  magnetism  (respecting  which  I  know  very  little) 

had  in  any  degree  consciously  influenced  my  transformations.    So 

much  had  those  things  been  out  of  my  head  that  I  was  obliged  to 

ask  my  son  Archy  whether  in  fact  the  Dip  was  greater  than  the 

Latitude,  or  the  Latitude  than  the  Dip.    But  having  seen  that 

equation  (12)  gave 

V  IV 

I  perceived  that  (by  the  principles  of  my  Lectures) 

tan;iva2tan  v^;  (14) 

and  this  not  only  suggested  things  about  dip,  &c.,  though  very 
vaguely  remembered,  but  led  me  to  see  that,  for  a  first  approxima- 
tion, I  was  to  assimilate  the  joining  line,  v'^  =^p>  to  the  vertical; 
and  to  compare  the  line  ^ti,  perpendicular  to  the  elements  of  the 
current,  to  the  magnetic  axis  of  the  earth ;  and  finally  to  consider 
my  conjectured  line  of  directive /orce^  ^,  as  being  physically  repre- 
sented by  the  dipping  needle.  At  least  it  is  so  in  direction,  even 
when  plane  is  taken  into  account ;  but  I  thought  it  very  Ukely  (such 
was  my  faith  in  the  quaternions),  that  the  formula  (12)  for  ^  would 
be  found  to  represent  also  the  intensity  of  terrestrial  magnetism ; 
to  the  same  order  of  approximation,  I  mean,  as  the  formula, 

tan  (dip)  «  2  tan  (mag.  lat.). 

By  taking  the  tensor  of  0,  using  (11)  rather  than  (12),  I  inferred 
lids  magnetic  intensity*  to  be  proportional  to 


V'l  +  asin/'; 


*It  was  partly  through  aforssig?U  of  some  such  use  as  this  that  I  ventured 
to  introduoe  the  word  *<  Tensor,"  in  my  writings. 
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beoause  the  formula  (11)  gives  (on  my  hypoihesiBy  inte/Mxiy^) 

3>  -i7V«r,i{l  +  Z[BTJ.  vfi)')*.  (16) 

(I  use  here  the  symbols  T  and  11^  to  whioh  I  am  aooustomed). 

*  (Ebcapitulation.— /=  SQ  =  Ampere's  attractive  force  between 
the  elements  dp,  dp%  of  a  ourrent,  with  intensities  each  « 1,  and 
separated  by  the  interval  Ap;  ^  «  VQ  «  v  {8-^^V)  fiv,  when 
v«  Ap"*,  /Li=  V.  dpdp;  and  ^  «  a  (newP)  sort  of  directive  force, 
which  seems  to  be  nearly  represented  by  the  dipping  needle,  if  v  be 
treated  as  the  vertioal  at  the  place,  and  fi  as  the  magnetic  axis  of 
the  earth). 

^  When  I  had  got  so  far  I  conjured  my  son  Arohy,  after  hia 
returning  from  our  parish  church — (I  am  ashamed  to  say  that  I 
had  got  caught  in  this  investigation  early,  and  did  not  observe  the 
hours,  till  it  was  too  late  for  me  to  shave  and  walk) — to  hunt  out 
aU  the  books  in  this  house  bearing  any  relation  to  terrestrial  mag- 
netism, and  to  search  among  them  whether  any  law  of  intensity, 
of  the  form 

const  X  y/1  +  3  (sin.  mag.  lat)",  (16) 

was  recognized.    He  had  to  perform  duties  of  hospitality  to  a  party 

from  this  neighbourhood,  and  could  not  immediately  find  any 

information  for  me  of  the  kind  required.    I  went  roaming  about 

the  house ;  hunted  out  Biot*s  Physique,  3rd  vol. ;  Turner's  Chefnie- 

try ;  Kane's ;  a  book  of  Hassenfratz ;  and  several  others,  without 

being  able  to  find  anything  bearing  on  the  point.    At  last  I  lit  on 

Christie's  Report  on  the  Magnetism  of  the  Earth,  embodied  in  the 

Beport  of  the  B.  A.,  for  1833,  in  which,  at  page  121,  I  found 

the  f ormulee, 

tan  S  »  2  tan  A, 


/="* 


2  \/3  sin*A  + 1 ; 

deduced,  it  is  true,  from  "  the  hypothesis  of  two  magnetic  poles 
not  far  removed  from  the  centre  of  the  earth,"  and  very  far  inferior 
in  accuracy  to  what  is  given  by  the  Qaussian  constants ;  but  yet 
having  a  very  encouraging  analogy  to  my  own  theoretical  resulte, 
especially  as  my  investigation  (it  must  always  be  remembered)  relates 
only  to  two  linear  elements. 
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^  On  the  whole,  I  think  that  it  is  not  without  some  just  cause 
that  I  propose  to  call  the  quaternion 


Q=-i 


the  "  Electro-Magnetic  Quaternion,"  of,  or  resulting  from,  the 
two  linear  elements^  dp  and  dp\  separated  by  the  interval  ^p. 

*  Tou  see  that  the  notion  of  "  current "  is  quite  eliminated  here, 
though  the  mere  icord  has  been  retained.  The  dp  and  dp^  may  be 
directed  tensions  or  elementary  axes  of  rotation^  or  anything  else 
which  answers  to  a  directed  and  linear  element  in  space.  I  must 
confess  that  I  am  strongly  tempted  to  believe,  that  a  differential 
action^  represented  by  the  vector  0  of  my  quaternion  Q,  exists  in 
NATURE ;  but  if  experiments  shall  overthrow  this  opinion,  it  will 
still  have  been  proved  that  my  Calculus  furnishes  an  organ  of 
EXPRESSION,  adapted  to  very  complex  phenomena." 

From  the  Same  to  the  Same. 

<  Obsebtatobt,  May  27,  1854. 

^  Though  I  let  a  letter  go  off  this  morning,  after  causing  a  copy 
to  be  kept,  which  letter  had  been  written  two  days  ago,  I  feel  much 
less  sanguine  than  when  writing  it,  about  its  having  any  physical 
value  at  present;  even  if,  with  modifications  to  be  indicated  by  facts, 
it  shall  ever  come  to  have  any. 

*  The  scalar  J  8Qy  of  the  quaternion 


«-*(^*"'g''^)       (') 


undoubtedly  represents  Ampere's  law  of  the  attractive  or  repulsive 
action  between  two  linear  and  directed  elements  of  a  current,  or 
of  currents,  dp  and  dp^  with  the  directed  distance  ^p.  That  is  a 
mere  mathematical  fact  of  calculation.  But  you  know  that  any 
vector y  whatever,  suppose  ic,  may  be  added  to  a  quaternion  Q,  with- 
out changing  its  scalar  part: 

S(Q  +  ic)-fiQ,if)8ic-0. 

My  choice  of  the  form  (7)  must  therefore  be  admitted  to  be 
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eminently  oonjeotural,  eten  {^the  prinoiple  to  which  I  still  oling, 
that  ^ome  quaternion  form  Q,  of  a  simple  kind,  exists,  which  by      j 
its  scalar  part  /SQ  expresses  one  mode  of  physical  action,  and  by      I, 
its  vector  part  VQ,  expresses  another  connected  and  connate  mode 
of  force  or  influence  in  nature. 

^On  the  whole,  without  haying  perceiyed  any  mathematical 
error  in  what  I  lately  wrote,  I  mthdraw  the  epithet  ^'Electro- 
Magnetic,''  as  assuming  too  much,  on  the  physical  side,  for  my 
recent  quaternion  Q.  But  though  I  cannot  hope  that  your  own 
ayocations,  and  researches,  haye  allowed  you  as  yet  to  catch  much 
more  than  the  spirit  of  my  calculus  (what  a  splendid  quatemionist 
you  would  become,  if  you  eyer  really  set  about  it !),  I  think  that 
if  you  haye  looked,  eyen  hastily,  oyer  my  letter  of  May  25th,  you 
will  haye  seen  that  I  do  not  speak  at  random^  when  I  assert  that 
this  one  short  expression  of  mine  for  Q  contains  at  once,  by  its 
scalar  part  the  Amp^rian  function 

/=  r^ds  ds  (sin  6  sin  0^  cos  cu  -  -J^  cos  0  cos  0^ , 

and  by  its  vector  part  the  three  other  laws : — 1st,  of  a  certain 
resultant  axis  0  being  in  the  same  plane  with  the  connecting  linepA 
and  the  common  perpendicular  to  the  elements  (fp,  dp  ;  2nd,  of  the 
tangent  of  a  certain  dip  (S)  being  tmce  the  tangent  of  a  certain 
latitude  (X) ;  and  3rd,  of  the  intensity  varying  as  v^l  +  3  sin  A*,  when 
the  elements  are  otherwise  given. 

'  The  analogy  to  magnetism  is  perhaps  very  vague — ^indeed  I 
suspect  it  to  be  so ;  but  if  one  small  quaternion  can  mean  so  much^ 
may  not  something  be  hoped  from  some  future  shake  of  Lord 
Burleigh's  head  P     ( Vide  Sheridan's  Critic). 

^  I  have,  however,  the  common  sense  (sometimes)  to  admit  that 
no  ingenuity  of  speculation  can  dispense  with  an  appeal  io  facts. 
And  what  I  am  at  present  extremely  curious  to  know  is  whether 
facts  are  decidedly  against  what  seems  to  me  a  natural  supposition, 
that  two  rectangular  and  rectilinear  {and  non^intersecting)  conducting 
fcireSy  though  not  attracting  nor  repelling  each  other,  may  have  some 
tendency  to  assume  parallel  positions  :*  or  may  be  the  occasion  of 

*  I  have  sinoe  seen  that  thia  rotatory  tendency  does  follow  from  Ampere's 
aUraeiion^  though  not  for  the  elements  at  the  very  extremities  of  the  common 
perpendicular  ;  and  on  expressing  and  integrating  the  moments  of  rotation  have 
got  results  which  I  have  the  satisfaction  of  finding  to  he  coincident  with  his 
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some  other  dibegtiye  force  arising^  before  attraction  or  repulsion 
begins.  Oersted's  discoyery  (I  have  met  Oersted,  and  he  has  given 
me  some  very  pretty  and  rather  poetical  German  papers)  seems  to 
be  almost  a  proof  that  this  is  so :  but  my  wish  is  to  eliminate, 
if  possible,  magnetismj  at  first,  as  an  eminently  complex  pheno- 


menon.' 


*  Obssetatobt,  June  1,  1854. 


*  F.  S. — This  morning's  post  brings  me  a  letter  from  Lloyd, 
influenced  no  doubt  by  our  old  friendship,  but  containing  a  far 
greater  degree  of  encouragement  than  I  had  expected  to  receive, 
as  to  what  I  had  called  the  ^^  Electro-Magnetic  Quaternion."* 

^  Hope  to  write  soon  on  something  else/ 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Caksbn-sibext,  Camdbk  Towir, 
<  July  10,  1854. 

'  I  have  been  occupied  with  the  ending  of  my  Session,  and  all 
sorts  of  things  besides,  and  have,  I  believe,  to  acknowledge  two 
notes  of  yours,  mostly  on  quaternions,  which  you  are  pushing  into 
tlie  very  heaven  of  heavens.  But  so  much  the  better ;  get  on  as  far 
as  ever  you  can,  but  do  not  expect  anybody  to  plow  with  your 
heifer  yet  awhile — it  is  quite  enough  if  anyone  can  read  your  riddle. 
I  see  you  have  unmasked  a  battery  in  the  Philosophical  Magazine 
on  the  subject  of  your  notes. 

'  What  are  you  doing  in  the  meanwhile  as  to  things  in  general? 
Quaternions  cannot  occupy  your  whole  existence. 

^  I  am  just  resting  from  the  preparation  of  a  lecture  which  I  am 
to  let  o£E  to-morrow  at  this  exhibition  of  educational  objects,  which 
the  Society  of  Arts  has  got  up  in  London.  I  take  the  connexion 
of  mathematics  and  logic  in  education.  [Remember  this,  the  rule 
for  giving  an  extempore  lecture  is — ^let  the  mind  rest  from  the  sub- 
ject entirely  for  an  interval  preceding  the  lecture,  after  the  notes 
are  prepared ;  the  thoughts  will  ferment  without  your  knowing  it, 

(see  especially  his  page  86).  In  short,  this  little  speculation,  which  as  such  I 
abandon  for  the  present,  has  led  me  to  learn  more  of  the  precise  nature  of  his 
beautiful  theory,  in  what  maybe  called  a  few  hours  ^  than  I  had  done  in  my  life 
before. 

•  Supra,  p.  6. 
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and  enter  into  new  oombinations ;  but  if  you  keep  the  mind  aotive 
upon  the  subjeot  up  to  the  moment,  the  subject  will  not  ferment 
but  stupefy.  Whewell  gave  an  introductory  to  the  whole  course  to- 
day, and  exhibited  Btevinus  actually  in  wood  and  metal,  which  it 
happened  I  never  saw  except  on  paper.* 

*  Did  I  ever  ask  you  about  the  following  workP: — 

*  "Second  volume  of  the  Instructions  given  in  the  drawing  school 
established  by  the  Dublin  Society .  .  .  1768  .  . .  tmder  the  direction 
of  Joseph  Fenn,  heretofore  Professor  of  Philosophy  in  the  Univer- 
sity of  Nantes,"  Dublin,  1772,  4to  P  It  uses  the  notation  of  the 
differential  calculus,  not  that  of  fluxions.  Do  make  it  a  question 
at  the  E.  I.  A.,  for  the  honour  of  Ireland,  what  this  work  was.' 

IS'om  Sir  "W.  E.  Hamilton  to  A.  De  Morgan. 

*  Obseryatort,  Jrdy  14,  1854. 

*  You  acknowledged,  in  a  pleasant  notet  about  the  four  dimen- 
sions of  a  blue-book,  and  of  quaternions  (or  of  a  book  about  them), 
the  only  letter  of  any  real  or  supposed  importance,  which  I  can 
remember  writing  to  you  since  our  Dupin  correspondence.  I  refer 
to  one  dated  May  12th,  of  which  a  copy  was  preserved,  and  which 
I  have  since  made  in  part  the  basis  of  a  communication  to  the 
Phihsophical  Magazine^  as  I  was  glad  to  see  that  you  on  your  part 
had  lately  printed  some  notices  of  things,  respecting  which  you 
had  written  to  me.  But  at  this  moment  I  cannot  stop  to  look  for 
any  letter,  book,  or  memorandum. 

'  Having  so  long  procrastinated  about  returning  your  Mourey, 
I  wished  to  retain  some  notes  of  the  work,  which  might  assist  my 
own  memory,  and  enable  me  perhaps  to  write  a  little  to  you  about 
it,  when  it  shall  be  in  your  hands  again,  as  I  really  hope  it  soon 
will  be,  for  I  have  lately  made  nearly  as  full  an  abstreust  of  the 
book,  in  one  of  my  own  manuscript  volumes,  as  I  wish  to  have  at 
hand.  In  fact  between  extracts  (copied  in  the  French,  for  practice), 
abridgments,  and  comments  of  my  own,  I  have  already  filled  fifteen 
large  pages  of  such  a  volume,  and  got  as  far  as  his  solution  of  a 
cubic,  so  that  not  much  more  remains.     I  should  like  to  considei^ 

*  Here  is  inserted  ia  the  letter  a  figure  of  a  triangle  with  a  horizontal  base 
and  a  closed  chain  slung  round  it :  referring  to  the  argument  of  Stevinns 
(1548-1620)  in  proof  of  the  parallelogram  of  forces,  that  if  that  propositioiL 
were  not  true  such  a  chain  would  perpetually  keep  moving  round  and  round. 

t  [This  note  is  missing.] 


{ 
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if  I  can  spare  some  quiet  hours  for  it,  his  proof  (or  alleged  proof) 
that  every  algebraic  equation  has  a  root ;  but  I  oare  more  for  his 
conceptions,  definitions,  and  notations,  "which  I  think  that  I  now 
perfectly  understand,  than  for  such  applications  of  his  theory. 
What  he  says  about  version,  versors,  &o.,  might  no  doubt  have  set 
me  on  the  track  of  the  quaternions,  if  I  had  seen  his  book  as  early 
as  I  did  Warren's  ;  but  I  had  not  only  formed  my  own  general 
views,  but  had  published  the  name  and  9ign  (i.  e.  my  sign,  17)  of 
the  ver%or  of  a  quaternion^  at  least  as  early  as  July,  1846,  in  the 
Philosophical  Magazine,  if  not  elsewhere  before  that  date ;  and  at  a 
time  when  I  had  (certainly)  not  seen,  and  (I  think)  not  heard  of, 
the  work  by  Mourey.  The  conception  of  the  quaternion,  as  a 
geometrical  operator,  which  at  once  turns  (or  verts)  and  stretches 
(or  tends)  a  line,  was  familiar  to  me  at  least  as  early  as  1844,  and 
I  think  that  I  made  a  communication  to  the  E.  I.  A.  to  that  effect, 
about  the  end  of  1844,  or  beginning  of  1845,  besides  what  I  had 
shown  in  1843  about  the  connexion  of  ijk  with  spherical  trigono- 
metry. My  Lectures,  you  know,  are  mainly  founded  on  that  view. 
Warren,  I  think,  was  shy  of  putting  rotation  prominently  forward, 
if  at  all  (but  I  must  look  into  his  book  again) ;  with  Mourey  it  is 
quite  a  key,  for  the  plane,  as  with  me  for  space.  .  .  . 

'  Meanwhile,  though  quite  manifold  enough  as  a  writer  to  be 
entitled,  if  you  please  it,  to  forget  your  own  inventions,  I  fancy 
that  you  are  so  much  a  tidier  librarian  than  myself  as  to  be  able, 
more  easily  than  I  should  be,  to  decide  whether  the  following 
triplet-system  (to  which  I  attach  no  importance)  is  among  those 
published  by  you.  In  the  proof-sheet*  before  me  there  is  a  note  to 
say  that  "I  am  not  aware  that  [it]  coincides  with  any  of  the 
triplet- forms  of  Professor  De  Morgan,  or  of  Messrs.  John  and 
Charles  Graves ;  but  it  is  given  here  merely  by  way  of  illustra- 
tion."    The  trinome  in  question  being 

P="»+ia;  +  icy,  (76) 

when  xyz  are  ordinary  variables,  but  1,  k,  peculiar  symbols,  the 
formula  which  defines  their  properties  is  this, 

[tx  +  Ky)  {iaf+  Ky')  =  {bx  -  ay)  (fix' -  at/)  +  (at  +  Jk)  («/ -  y/) ;    (77) 
when  a  and  b  are  any  two  ordinary  and  algebraical  constants. 


*  Of  Paper  On  Extensions  of  QtMiernions,  in  the  PhUosophieal  Magazine, 
for  July,  1864. 
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The  functions  js  ±  (&r  -  ay)  are  linear  modulL  If  you  reoognise  this 
as  your  own,  just  cry,  Stop  thief !  or  Au  voleur  !  at  once,  and  you 
will  be  in  time.    More  about  my  other  doings  hereafter.' 

From  the  Sa.me  to  the  Same. 

<  Obsebyatobt,  Augtui  11,  1854. 

*  If  you  know  anyone  who  would  like  to  undertake  the  deci- 
phering of  what  is  written  on  the  other  half  of  this  sheet,  you  are 
at  full  liberty  to  show  it.  Indeed,  I  should  be  glad  if  you  would 
consent  to  hold  stakes,  if  a  wager  of  a  few  pounds  were  to  be  made 
upon  the  subject ;  and  still  more  if  you  were  to  take  charge  of  a 
sealed  packet,  containing  a  precise  description  of  the  key,  which,  in 
the  meanwhile,  I  state  to  be  one  entirely  definite,  and  absolutely 
free  from  ambiguity. 

'  My  vanity  and  inexperience  in  the  matter  would  dispose  me 
to  name  six  months,  as  not  too  long  a  time  for  the  discovery  of 
that  key  from  the  annexed  passages  in  cypher,  to  which  I  should 
cheerfully  add  others,  to  any  reasonable  extent. 

'But  perhaps  I  should  only  appear  ridiculous  by  naming  so 
long  an  interval ;  and  I  am  not  quite  inclined  to  let  my  name  be 
publicly  mentioned  in  the  matter  at  all.  An  insertion,  with  ini- 
tials, in  "  Notes  and  Queries,"  has  occurred  to  me.  Meanwhile, 
should  you  consent  to  be  a  referee  P ' 

From  A.  De  Morgan  to  Sir  W.  S.  Hamilton. 

'  7,  Caicdkn-stbeet,  Camden  Town, 
'  August  12,  1854. 

'  I  will  be  referee,  stakeholder,  anything  you  please  but  deci- 
pherer. I  only  know  that  in  your  key  is  I.  0.  U.,  which  is  often 
the  way  out  of  difficulties ;  but  often  also  the  way  into  them. 
Babbage  is  a  great  decipherer — ^really  a  good  one ; — ^propose  it  to 
him.  .  .  . 

'  I  have  just  been  looking  at  a  table  of  quarter  squares  up  to 
200,000,  which  has  some  chance  of  being  printed.  Perhaps  you 
know  nothiug  about  tables  of  quarter  squares;  many  mathema- 
ticians do  not. 

*  December  16,  1854  ...  I  hope  you  are  well  and  thriving.  Do 
you  dig  in  your  garden?    Do  you  cultivate  the  potato  P    I  never 
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knew  till  1846  how  muoli  my  oomfort  depends  on  the  potato.  I 
knew  I  liked  them,  and  I  knew  I  could  do  without  many  things, 
but  I  did  not  know  that  I  really  oould  hardly  do  without  the 
potato.  Therefore  I  have  since  that  time  considered  that  the  Irish 
have  hit  the  right  root,  and  hare  made  up  my  mind  that  when  I 
must  eat  only  one  thing  it  must  be  the  potato.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsebtatobt,  near  Dubldt, 

'  January  3,  1855. 

'  It  was  one  motive  for  my  so  showering  letters  on  you  some 
time  ago  that  I  knew  well  that  if  ever  a  pause  in  our  correspond- 
ence should  occur,  I  was  unlikely  to  resume  it  with  anything  like 
the  same  spirit  and  vigour  as  before,  at  least  tiU  an  interval,  which 
might  be  considerable,  should  have  passed ;  and  that^  without  even 
the  slightest  degree  of  diminution  of  regard. 

^  I  enjoyed  very  much  the  frequency  and  fulness  of  our  corre- 
spondence while  my  volume  on  quaternions  was  in  progress,  and 
have  noticed  that  one  or  two  of  my  Dublin  University  acquaint- 
ances,* to  whom  I  mentioned  the  circumstance  of  our  often  ex- 
changing letters,  could  not  restrain  themselves  from  shaking  their 
wise  heads,  and  saying  (at  least  within  their  hearts) : — ^'  We 
understand  it  now ;  you  owe  it  all  to  De  Morgan  "  ! 

^  A  man  who  is  really  a  very  learned  one,  in  both  western  and 
eastern  languages,  and  from  whom  I  took  some  lessons  in  German 
long  ago,  has  recently  been  seized  with  a  desire  to  acquire  a  know- 
ledge of  mathematics,  and  does  me  the  honour  to  wish  that  I 
should  give  him  some  friendly  assistance.  While  he  was  taking  a 
little  limcheon  here  to-day  he  boasted  that  he  had  lately  read  no 
less  than  100  pages  of  Wood's  or  Furdon's  Algebra,  and  on  my 
happening  to  show  him  what  I  had  just  received,  the  new  number 
of  the  Philosophical  Magazine^  containing  the  Fourth  Section  of  my 

*  Please  not  to  take  me  as  sneering  at  my  own  Alma  Mater,  even  as  regards 
duatemions.  The  Board  of  T.  C.  D.  at  last  took  conrage  to  discharge  the  whole 
of  my  bill  with  their  printer ;  and  really,  thongh  they  may  be  rich,  they  have 
a  great  variety  of  claims  upon  them.  And  as  to  the  young  men,  who  are 
just  comiDg  into  notice,  they  have  here  a  great  degree  of  acquaintance  with 
my  Calculus,  as  I  have  tested  by  examining  many  of  them  myself,  and  hearing 
otiiers  examined  publicly  by  C.  Chraves. 
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'*  Extensions ''  of  QuatemionSj  he  asked  me  whether  I  thought  that 
he  oould  read  it  P  Whereupon,  with  a  grave  countenance,  I  asked 
him,  what  answer  did  he  tciah  me  to  return  ?  He  caught  the  fun, 
and  said  that  he  supposed  that  he  must  wait  for  another  year! 

^  A  certain  De  Morgan,  if  you  happen  to  know  him,  said  some- 
thing like  that  once,  about  the  quaternions  themselves.  But 
seriously,  and  without  any  flattery,  I  think  that  you  would  find 
those  ExtenHons  comparatively  easy  reading — easier,  in  fact,  to  you 
than  my  volume,  because  more  condensed.  I  could  send  you  Sifew 
copies,  if  you  cared  for  them.' 

jFVow  a.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Gamdbn-shleet,  Camden  Town, 
*  January  6,  1855. 

'  I  am  very  glad  to  hear  that  Trinity  College  has  behaved  so 
handsomely.  But  I  beg  you  to  understand  that  I  consider  myself 
the  party  quizzed  by  your  friends,  whose  hearts  you  undertake  to 
read  with  reference  to  quaternions,  and  they  would  see  why  if  they 
had  to  make  me  stand  an  examination  in  quaternions.  As  time 
rolls  on  I  find  I  can  teach  with  a  given  amount  of  vigour  in  a 
shorter  time.  My  Sessional  Course  to  one  class  is  about  115  hours. 
A  shorter  demonstration  of  an  essential  theorem  is  time  saved,  and 
every  session  I  gain  an  hour  or  two.  By-and-bye  I  shall  have 
time  to  introduce  the  element^  perhaps  the  elements  of  quaternions, 
and  then  I  must  SQt  to  work  in  good  earnest  to  teach  myself. 

^  Sometimes,  however,  I  find  I  must  lengthen  a  subject  a  little 
bit.    For  instance,  the  other  day,  examining  the  proof  that  when 

r-  is  K  it  becomes  %y.  I  found  that  I  could  not  find  a  rigorous 
xf/x     0  \px 

proof  anywhere.    For  instance,  as  a  specimen  of  reasoning  in  a 

circle 

*  Suppose  that  when 

^  =  0       tp'x^co 

t//4?  «■  0         \j/x  «  00 

How  do  you  prove  that  . 


when  x^a. 


•  •  . 


^X       0  x 

}pX      \f/x 

from  any  common  method?    For  the  whole  theorem  must  be 
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assumed,  aooording  to  oommon  methods,  before  you  know  how  to 
deal  with  ^.    I  did  at  last  get  a  veiy  rigorous  proof,  and  brief 

enough,  and  you  will  get  it  too,  if  you  think  it  worth  while. 

*  Your  friend  of  the  eastern  and  western  languages  must  wait  a 
Uttle. 

^  I  think  the  time  may  oome  when  double  algebra  will  be  the 
beginner's  tool ;  and  the  quaternions  will  be  where  double  algebra 
is  now.    The  Lord  knows  what  will  come  above  the  quaternions.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

*  Obssrtatoby,  January  9,  1865. 

'  Something  lately  recalled  my  attention  to  my  old  researches 
in  dynamics,  and  on  finding  a  copy  of  my  Second  Essay  last  night, 
after  returning  from  a  Meeting  of  the  Boyal  Irish  Academy,  I  set 
tOj  at  a  late  hour,  and  never  stopped  till,  cutting  the  pages  with 
quite  a  feeling  of  curiosity y  I  got  to  the  end— of  course  only  skim- 
ming parts,  but  finding,  with  satisfaction  and  surprise,  HhAil  under- 
stood it  all  as  I  went  on  !  for  I  had  fears  lest  the  quaternions  should 
have  driven  all  such  things  out  of  my  head,  almost  beyond  hope  of 
recovery.  This  morning  I  resumed  the  reading  with  greater  care, 
and  may  mention  equation  (53)  in  page  106  of  the  copy,  which  is 
paged  like  the  Philosophical  TranaactionSf  from  which  it  is  taken,  as 
one  which  stopped  me  for  awhile,  but  of  which  I  now  fully  see 
the  demonstration. 

*  But  perhaps  I  fiatter  myself  too  much  in  thinking  that  you 
may  have  preserved  a  copy  of  that  Second  Essay,  if  I  gave  you 
one,  as  I  think  that  I  must  have  done.  You  know  probably  that 
Trofessor  Donkin  of  Oxford  spoke  highly  of  those  dynamical 
researches  of  mine,  in  a  Paper  of  his  own,  about  a  year  ago,  which 
now  that  I  find  I  imderstand  my  own  papers,  I  do  not  despair  of 
heading.  I  did  connect  with  quaternions  the  foundation  of  my 
own  method,  as  long  ago  as  1845,  but  had  since  dismissed  the 
subject  from  my  thoughts.' 
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Fr<m  A.  Ds  Moboan  to  Sir  W.  B.  Hamilton. 

<  7y  CAXBOr-STBEBT,  CaKDEN  ToWV, 

^January  15,  1855. 

'  You  will  amuse  me  at  last  if  you  go  on  in  this  manner.  Do 
you  pretend  to  forget  that  I  wrote  to  you  informing  you  that  I 
had  all  your  tracts  except  that  identical  record  of  Dynamics,  that 
you  thereupon  promised  me  several;  that  you  kept  my  tracts  un- 
boundy  notwithstanding  my  occasional  groans,  duly  posted,  for 
at  least  a  session  of  Parliament,  and  that  you  did  then  send  me 
several  P  Had  I  any  other  consolation  for  being  prevented  from 
regularly  reading  the  ''  discontinuous  functions,"  and  one  or  two 
other  things  (and  prevented  I  was  by  all  your  Papers  being  tied  up 
and  put  by  until  I  could  get  the  missing  one),  except  the  hope  that 
remorse  would  haunt  you  to  your  dying  day  P  And  do  you  not 
now  utterly  destroy  this  consolation  by  talking  to  me  about  ^'  if  I 
gave  you  one,  as  I  think  I  must  have  done  "  P 

^  You  have  been  reading  your  own  Papers,  fearing  that  you 
would  not  understand  them.  I  have  read  a  Paper  (but  not  on 
mathematics)  before  now,  have  said  to  myself,  I  perfectly  agree 
with  this  man,  he  is  a  very  sensible  fellow,  and  have  found  out  at 
last  that  it  was  an  old  Paper  of  my  own  I  was  reading,  and  very 
much  flattered  I  was  with  my  own  unbiassed  testimony  to  my  own 
merits. 

'  I  send  you  something  about  differential  equations.' 

From  the  Same  to  the  Same. 

'  7,  Caxben-sibbet,  Camden  Towv, 
'  April  29, 1855. 

'  What  enchanted  castle  is  your  knighthood  attacking  that  one 
never  gets  a  word  from  you.    I  am  reminded  of  you  as  follows : — 

*  You*will  probably  see  the  new  Quarterly  Journal  ofMathema- 
tiesy  and  a  theorem  about  roots  in  it.  I  have  had  a  curious  note  to 
write  about  it,  and  having  written,  and  re- written  it,  I  send  yon 
the  original  draft,  which  you  may  bum  when  read,  or  before  if 
you  like.  But  if  you  happen  to  know  anything  about  these  lost 
methods,  tell  me  where  you  got  it.  I  am  perfectly  surprised  to 
find  a  fundamental  method  of  Newton,  followed  up  by  Lagrange, 
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xmknown  to  eyeiyone  I  ever  oome  in  oontaot  with,  whether  in 
books,  or  speech,  or  writing. 

*'  I  have  sent  a  Paper  to  Cambridge  on  the  subject.  Newton 
and  Lagrange  among  them  make  out  the  following  problems,  that 
is,  such  as  I  can  see  it  by  their  light : — 

*  1.  CKven  the  nature  of  a  curve  when  x  is  infinitely  small,  that 
is,  any  singular  point  you  like  at  the  origin  and  any  characters  of 
the  branches.  GKven  also  the  nature  when  x  is  infinitely  great. 
Assign  your  branches  real  or  imaginary  as  you  please.  Required 
to  know  whether  the  conditions  are  compatible,  and,  in  that  case, 
to  give  the  most  general  algebraic  equation  of  the  curve. 

^  2.  GKven  an  equation  with  a  parcel  of  equal  roots,  and  given 
certain  infinitesimal  alterations  in  the  co-efficients,  required  to 
know  what  becomes  of  the  equal  roots,  how  many  remain  equal, 
how  many  are  (a±  Jy^-  l)-ed, — to  invent  a  new  participle. 

'All  this  might  have  been  done  by  Newton,  Taylor,  Stirling, 
Degen,  Cramer,  Lagrange.  I  think  none  of  them  hav$  done  it ; 
it  remains  to  see  whether  anyone  else  has. 

'  Who  is  Mr.  Carmichael  who  has  sent  me  a  very  nice  book  on 
the  Calculus  of  Operations  P  I  have  seen  his  name  in  the  Journals, 
but  never  heard  who  he  was. 

'  Bouse  out  from  the  quaternions,  and  write  me  a  line.  Be- 
member  that  I,  who  have  studied  biography,  and  especially  looked 
at  the  psychology  of  inventive  mathematicians,  do  positively  make 
affidavit  that  if  a  man  do  not  fallow,  and  shift  courses,  as  they  say, 
or  used  to  say,  in  farming,  he  will  put  his  head  out  of  heart.  If  I 
had  the  power — supposing  it  true,  as  I  hear,  that  you  will  not  let 
quaternions  alone  for  awhile — I  would  put  you  into  the  commis- 
sariat, and  make  you  copy  out  Baladava  stores,  for  six  months. 
How  are  you  all  P ' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obssbyatokt,  May  2,  1866. 

'  I  was  very  glad  to  get  your  note  and  historical  sketch  yester- 
day, and  think  of  writing  a  rather  long  letter  soon,  perhaps  to-day, 
after  my  present  messenger  (whom  I  cannot  delay)  is  gone,  but  at 
this  moment  can  only  say  that  I  was  up  aU  last  night  with  the  moon, 
and  that  my  health  and  spirits  are  pretty  good,  notwithstanding  a 
great  deal  of  work  got  through  during  the  last  six  months/ 


r 
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Froni  the  Same  to  the  Same. 

<  Obssbfatobt,  May  4,  1855. 

'  I  wrote  a  line  or  two  just  merelj  to  acknowledge  your  kind 
note,  reserving  to  myself  to  answer  it  afterwards,  or  at  least  to  write 
a  pretty  long  one  in  return,  as  this  is  likely  to  be.  You  and  I  are^ 
I  hope,  men  muoh  too  wise  to  be  huffy ;  yet  I  had  some  fears  lest 
I  might  have  been  so  very  negligent  towards  nearly  everyone  in 
the  letter  way,  for  some  time  past,  that  you  and  all  might 
have  said  to  yourselves,  Well,  if  Hamilton  won't  write  to  us, 
we  shan't  write  to  him — that's  all.  However  I  had  some  cor- 
respondenoe,  and  a  pretty  brisk  one  too,  with  an  old  friend  and  his 
wife  lately,  who  had  asked  me  (by  anticipation)  to  be  godfather  to 
an  infant  of  theirs,  and  who  induced  me,  after  some  reluctance,  to 
consent.  The  boy  is  bom,  but  not  christened  yet,  nor  have  I  seen 
him ;  for  they  are  all  at  present  residing  in  the  North  of  Ireland, 
though  likely  to  come  soon  to  live  within  a  walk  of  this  place.  I 
call  the  child  ^'  Atm,''  not  *'  tY,"  and  though  to  be  sure  a  person 
can't  be  sure  of  the  sex  of  an  unborn  infant,  yet  I  felt  in  this  case, 
and  described  in  a  letter  to  the  mother,  what  of  course  I  have  felt 
at  the  births  of  my  own  three  children,  namely,  the  strange 
investiture  with  personality  which  seems  to  take  place  when  an 
expected  baby  is  horn.  Whatever  may  be  the  feelings  of  the 
mo^/^r beforehand,  I  am  conscious  of  scarcely  thinkiog  of  the  child 
before  birth  as  more  than  an  incident  of  her  health.  The  moment 
afterwards,  he  or  she  becomes  an  independent  human  being,  with 
powers  and  responsibilities,  and  character  in  germ,  and  felt  by  me 
to  be  so. 

^  A  very  odd  and  original  lady,  entirely  imlike  the  one  to  whom 
I  have  been  last  alluding,  had  also  lately  a  baby  :  such  things  you 
know  will  happen,  at  least  in  Ireland ;  and  on  my  being  asked  to 
hand  her  in  to  dinner,  at  a  party  given  by  Colonel  and  Mrs. 
Larcom  in  this  neighbourhood,  when  I  met  her  for  the  first  time 
in  my  life,  she  told  me  of  this  '^  young  pagan,"  as  she  called  him 
(or  ity  for  I  did  not  know  the  sex.  /  don't  call  newborn  infants  in 
these  countries  pagans) ;  and  she  asked  me  to  be  a  godfather,  per- 
haps because  I  was  so  to  a  grandson  of  Wordsworth  the  Poet  (who 
lately  wrote  to  me  an  account  of  the  death  of  his  Aunt  Dorothy), 
and  becaxise  she  is  an   admirer  of  Wordsworth.     However,   I 
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declined.  But  it  seems  that  I  have  not  fallen  entirely  out  of  favour 
thereby,  for  she  paid  me,  on  Saturday  last,  a  visit  of  three  hourB 
and  a-halfy  it  being  my  second  time  of  seeing  her.  You  must 
observe,  however,  that  I  had  made  it  a  sort  of  open  day,  and  had 
several  other  guests,  including  a  troop  of  deaf  and  dumb  boys,  for 
whom,  and  for  the  others.  Lady  Hamilton,  though  prevented  by  a 
heavy  cold  from  being  disposed  to  appear  herself,  had  laid  out  a 
oomfortable  luncheon,  and  allowed  her  daughter  to  be  present. 
My  visitress  told  me,  as  we  drank  a  glass  of  wine  to  the  health  of 
her  child,  that  he  had  been  christened  on  the  previous  day,  by  a 
long  baptismal  name,  or  string  of  names,  the  two  first  of  which  are 
Oscar  and  Fingal!  the  third  and  fourth  sounding  to  m^  as  a 
tremendous  descent,  but  I  daresay  she  prefers  them.  You  must 
know  that  I  have  been  long  acquainted  with  her  husband,  as  a 
Member  of  the  Boyal  Irish  Academy,  though  he  had  not  time  to 
come  with  his  wife,  on  her  long  and  entertaining  visit  of  the  other 
day.     She  is  quite  a  genius,  and  thoroughly  aware  of  it. 

'  One  thing  she  said,  as  I  was  conducting  her  upstairs  to  the 
Dome,  and  while  she  was  professing  to  admire  the  house  (which 
she  hoped  was  a  haunted  one — my  sister  believed  it  to  be  so),  was : 
"  Let  a  woman  be  as  clever  as  she  may,  there  is  no  prize  like  this 
for  her  !  " 

*  You  may  judge  that  my  spirits  have  not  suffered  very  much 
from  my  hard  study.  I  began  my  last  long  letter  to  that  other 
lady,  by  saying  that  Lady  H.  had  pronounced  me  to  be  grown 
quite  a  good  boy  of  late — so  sociable  and  neighbourly — only  she 
feared  it  was  too  good  a  thing  to  last !  And  in  fact  I  have  been 
paying  more  visits  and  attentions  lately  than  usual  to  my  neigh- 
bours hereabouts.  I  wonder  how  they  tolerate  me  at  all  as  an 
acquaintance,  I  take  such  and  so  long  fits  of  locking  myself  up  at 
times ;  but  I  believe  that  I  am  on  pleasant  terms  with  them  all. 
And  now  comes  something  in  which,  though  you  may  think  that 
it  sounds  oddly  in  this  connexion,  you  are  interested,  at  least  your 
curiosity  is,  for  I  can  connect  an  answer  to  an  inquiry  of  yours 
with  an  account  of  a  morning  call. 

*  My  wife  had  managed  to  get  a  sort  of  open  carriage  made, 
last  summer,  very  simple  and  modest  indeed,  but  still  a  vast  im- 
provement on  my  old  outside  car,  for  herself,  as  I  supposed  when  I 
was  paying  for  it,  but,  as  it  has  turned  out,  almost  entirely  for  me, 
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sinoe  she  prefers  another  sort  of  vehiole  for  her  own  independent 
excursionB.  I  felt  a  little  taken  iuj  at  being  expected  to  use  it  for 
myself  J  but  have  gradually  become  reconciled  to  it,  and  now  find 
it  quite  a  comfortable  thing. 

^  May  10, 1855. — I  was  intending  to  tell  you,  and  may  yet,  of 
a  drive  to  which  I  lately  treated  Carmichael  in  that  little  carriage, 
and  of  our  lunching  together  at  the  house  of  a  grandson  of  Dr. 
Brinkley,  but  am  starting  for  the  Zoological  Gardens  with  my 
daughter,  and  send  you  a  bit  of  mathematics,  in  return  for  yours. 

^  All  compliments  from  yours  faithfully.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  7,  Gamdin-street,  Camden  Towir, 
<  ifay  16,  1855. 

^  Thanks  for  yours,  and  the  mathematics.  Of  the  making  of 
theorems  there  is  no  end. 

'  I  fancy  that,  by  the  law  of  our  language,  it  is  applicable  to 
babies,  without  imputation  of  heathenism — ^and  naturally,  for 
who  is  to  know  whether  a  baby  is  he  or  she  P  I  am  always  impelled 
to  say  ahe^  such  being  in  my  head  the  pronoun  for  petticoats,  short 
or  long. 

*  N.  B.— In  this  country,  when  an  infant  is  deprived  of  the  long 
limp  part  of  its  dress  which  hangs  down,  it  is  said,  t^,  the  baby,  to  be 
shortened,  and  mothers  talk  with  great  glee  of  the  approach  of  this 
horribly-sounding  operation,  which  seems  as  if  Procrustes  was  to 
have  the  baby,  and  which  always  makes  me  start  to  hear  of  it,  and 
gives  me  a  turn,  as  they  say,  just  as  4 !  for  1  .  2  .  3 .  4,  and  n!  for 
1  .  2  .  3  .  .  .  n,  startle  me  and  shake  my  nerves. 

'  I  had  sponsors,  and  if  ever  I  see  them,  which  cannot  now  be 
on  this  side  of  Styx,  I  shall  ask  them,  in  a  civil  way,  how  they 
ventured  to  undertake  that,  when  I  grew  up,  I  should  believe  all 
they  promised  I  should  believe,  reason  consenting  or  not.  I  once 
had  a  friend  who  really  believed  that,  if  the  infant  did  not  get  him 
or  herself  confirmed,  they  would  be  liable — ^the  sponsors — for  lus 
or  her  default.    He  took  care  never  to  answer  for  anybody. 

*  I  am  glad  to  hear  that  you  are  seeing  the  world,  and  trust,  in 
spite  of  Lady  Hamilton's  prophecy,  that  it  will  last.' 
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From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obsebyatort,  July  11,  1855. 

*  I  deserve  the  reproaoh.  which  I  feel  to  be  conveyed  in  your 
sending  me  by  post  the  pamphlet  which  I  received  just  now,  and 
which  I  have  read  through,  from  beginning  to  end,  in  answer  to 
Mr.  Lowe's  remarks  [in  re  Decimal  Coinage],  without  any  accom- 
panying letter.  You  must  know,  or  be  informed,  that  I  at  least 
began^  and  I  think  nearly  finished,  several  different  letters  to  you 
within  the  last  few  months — please  to  return  the  note  which  I  hope 
to  enclose,  written  by  Miss  Edgeworth  in  relation  to  some  similar 
conduct  of  mine  to  her — and  then  threw  them  aside,  till  they  were 
lost  among  my  many  masses  of  papers.  There  wasy  however — at 
least  I  think  there  was — some  use  in  your  excoriating  as  you  have 
done  the  Hon.  Member  for  Kidderminster.  Does  he  feely  do  you 
suppose,  that  he  has  become  a  Marsyas  ?  if  I  remember  my  mytho- 
logy enough  for  even  such  an  allusion.  Comical  and  crushing  as 
your  criticism  on  him  is,  I  have  not  felt  it  to  be'  so  humorous  (the 
occasion  was  not  worthy  of  so  much  humour)  as  that  never-to-be- 
forgotten  letter  of  Mrs.  Flamsteed's,  which  you  allowed  me  to  see 
as  one  of  Baily's  papers,  and  which  I  have  since  talked  of  to  some 
clergymen,  ignoring  for  the  moment  the  fact  of  their  being 
"  Reverends.'* 

*  P.  S. — I  have  no  copy  of  the  enclosed  letter  from  Miss 
Edgeworth,  which  Mrs.  De  Morgan  may  like  to  see,  but  I  wish  it 
to  be  returned.  It  is  likely  enough  that  I  may  at  some  time  or 
other  have  mentioned  the  existence  of  this  particular  letter  on 
account  of  the  "  flagrant "  pun  contained  in  it  from  one  who  pro- 
fessed to  abominate  punning ;  but  I  can't  remember  sending  it  to 
you  before.  If  there  be  a  slip  or  two  of  the  pen  (not  of  the  heart, 
or  mind)  in  the  letter,  you  must  observe  that  Miss  Edgeworth  was 
more  than  seventy  when  she  wrote  it — "  not  an  elderly  lady,  but  an 
old  lady.  Sir  William  Hamilton,"  as  on  some  occasion  I  provoked 
her  to  say  to  me.' 

From  A.  Db  Morgan  to  Sir  "W.  R.  Hamilton. 

'  7,  Cahdek-strbet,  Camden  Towk, 
*  July  13,  1865. 

^  To  make  sure,  I  return  your  letters,  for  which  my  wife  and  I 
are  much  obliged,  at  once. ...  If  by  Miss  Edgeworth's  pun  you 
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mean  ^'  mistaking  the  point/'  I  almost  doubt  whether  a  pim  was 
intended.  I  have  found  various  plays  on  words  in  my  own  writ- 
ingSy  made  without  intention,  as  that  a  point  of  history  must  be 
anna/tiz^c/ before  it  oould  be  anali/sed — ^that  certain  jokes  are  old  ones 
dressed  with  current  sauoe  [signatutn  prceaenti  notd).  The  arrival  of 
the  satire  without  a  letter  was  no  reminder,  for  I  sent  off  a  soore 
at  once  as  soon  as  I  received  them,  and  whether  any  letters  were 
due  to  me  from  the  several  units  of  the  soore  did  not  enter  my 
head  at  the  time.     But  I  am  well  pleased  at  the  result. 

'  I  am  seriously  of  opinion  that  pitching  into  a  joker  is  good 
service.  In  the  first  place  it  warns  those  who  have  nothing  else  to 
say  that  squibbing  is  a  game  two  can  play  at.  In  the  second,  the 
points  of  an  argument  cling  very  fast  to  the  popular  mind  when 
presented  in  a  joke.  As  to  my  friend  Mr.  Lowe  knowing  that  he 
is  victimised,  he  will  learn  that  in  the  private  talk  of  the  House,  in 
which  nobody  is  so  much  the  friend  of  another  as  to  ignore  a  joke 
against  him.  They  are  all  rivals — ^friends  and  foes.  I  do  not 
know  how  Protestant  clergy  take  jokes  on  serious  subjects,  but  the 
Boman  0.  priests  rather  encourage  them  than  otherwise.  Did  I 
ever  give  you  the  Boman  (locally  Boman)  story  of  St.  Peter  and 
St.  Joseph? 

*  Now  for  a  pun. — Why  does  the  House  of  Commons,  which  is 
elected  by  the  people,  show  so  little  knowledge  of  the  feelings  of 
the  lower  classes,  that  it  attempts  measures  from  which  it  is  beaten 
back  by  a  tumult?  Answer. — ^Because  the  House  is  elected  by 
the  sovereign  people,  and  not  by  the  shilling  and  six-penny 
people.  .  •  .' 

li'om  the  Same  to  the  Same. 

'  7,  Gamdxn-stebst,  Camden  Towv, 
*  September  5,  1855. 

'  I  make  use  of  some  of  the  vacation  leisure  to  write  this 
scribble :  what  it  is  to  contain  I  have  ^not  the  least  idea  at  this 
moment.  If  you  read  Brewster's  Newton^  as  you  ought,  try  to 
get  hold  of  a  review  which  I  wrote  of  it  in  the  North  British 
(August).  You  will  then  get  a  pretty  fair  idea  of  the  present 
state  of  the  points  at  issue  between  the  oppugners  and  defenders 
of  Newton's  weak  points.     If  you  get  hold  of  the  Journal  des 
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Savans  for  November  and  December,  you  will  see  Blot's  account 
of  the  matter,  he  tells  me. 

*  The  decimal  coinage  and  various  assurance  valuations  have 
pretty  well  kept  me  from  mathematics  this  vacation.  But  I  find 
it  an  excellent  thing  to  lie  fallow,  a  practice  I  have  recommended 
to  you.  A  teacher  who  does  not  either  fallow  or  sow  another  crop 
is  sure  to  get  into  mere  routine. 

*  I  have  been  very  much  grieved  during  the  last  month  by  the 
loss  of  my  friend  Sheepshanks.  Tou  probably  did  not  know  him 
personally,  and  perhaps  those  from  whom  you  were  most  likely  to 
hear  of  him  were  not  .likely  to  give  you  a  favourable  impression. 
But  a  man  who  finds  a  dozen,  or  even  half-a-dozen,  such  friends 
in  his  life  is  not  badly  off,  as  the  world  is  constructed.  I  send  you 
with  this,  if  I  get  it  in  time,  a  sketch  of  mine  which  contains,  I 
believe,  the  opinion  of  a  solid  mass  of  those  who  knew  him  well. 
It  is  fortunate  that  we  do  not  know  what  is  to  happen,  unless 
indeed  we  could  know  onwards  a  great  deal  further  than  the  asser- 
tion is  meant  to  include.  I  walked  with  him  from  the  Council  of 
the  Astronomical  Society  ten  days  before  his  seizure,  and  took  au 
revoir  leave  of  him  in  the  street. 

*  I  have  been  looking  at  old  ballads  lately,  English  and  Scotch. 
Is  there  a  genuine  Irish  Ballad  School  in  English?  I  mean  of 
ballads  springing  from  the  people — not  Moore,  &c.  I  observe  that 
the  Irish  melodies  have  names  in  English  before  Moore,  but  whether 
those  names  belong  to  English  songs — songs  in  English — antece- 
dent to  Moore,  I  do  not  know.  There  are  curious  things  about  the 
history  of  popular  ballads.  The  music  of  Auld  Eobin  Gray  was 
composed  by  a  Somersetshire  Hector,  Mr.  Leeves  of  Wrington 
(from  whence  Locke  came),  whom  my  family  used  to  know  when  I 
was  a  boy.  I  remember  being  well  laughed  at  by  a  party  of 
Scotchmen  for  stating  this,  they  affirming  that  it  was  a  genuine 
old  Scotch  air,  which  they  would  not  have  said  if  they  had  known 
the  Scotch  gamut.  But  I  see  the  fact  now  admitted,  or  rather  put 
forward,  in  a  recent  collection  of  Scotch  songs.  The  Irish  are 
more  musical,  in  the  sense  of  originating  melodies,  than  the  Scotch, 
let  the  M'Sarcasm  and  O'Brallaghan  question  be  settled  how  it 
may.  Now  that  Mr.  DuflEy  and  anti-Saxon  nationality  are  going 
to  Australia,  and  other  things  can  be  attended  to,  can  you  not  stir 
up  some  one  to  investigate  and  perpetuate  the  comjwsers  ?  I  once 
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saw  a  ooUeotion  of  the  airs  melodized  by  Moore,  taken  down  {rom 
the  fingers  of  the  harpers.  They  were  loaded,  ad  nauseam,  with 
gaudy  ornament,  Bhowing  that  the  ultimate  simplicity  of  their 
oharaoter  is  due  to  Sir  J.  SteTenson.  And  all  my  small  inTestigfr- 
tions  into  muBio  prove  that  simplicity  is  a  product  of  civiliaation. 
Alas !  for  romance  and  simple  nature ;  but  so  it  is.  And  so  it  is  in 
mathematics  too.  "Who  would  look  for  I.  47  in  a  more  mmple 
mode  than  that  of  Euclid?  Kelland  haa 
recently  published  a  Paper  of  Disseo- 
tions  of  the  Square  of  the  Kypotbenuse, 
and  Airy,  regarding  thereon,  found  out  a 
more  simple  mode,  which  he  anuoonoed 
to  Eellaud,  myself,  and  others,  may  be, 
in  the  following  form : — 
'  Qiven  two  squares  in  a  gnomoD,  required  to  cut  the  gnomon 
into  three  pieces,  which,  by  motion  of  translation  only,  without 
rotation,  shall  form  into  a  third  square.  The  process  will  be 
visible  in  the  following  figure,  and  from  it  may  be  deduced  perhaps 
the  amplest  demonstration  of  I.  47  : — 


'  Various  proofs  oome  near  to  this,  but  none  which  I  can  find 
ocHnea  up  to  it  in  sunplioity. 
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'  Plaomg  the  triangle  in  four  difierent  positions  shows  the  pro- 
position anatomieallpj  without  scalpel  or  nasty  smell. 

*  I  haye  been  in  my  usual  solitude,  my  family  away  at  the  sea ; 
therefore,  I  have  put  iJl  my  things  in  order,  and  oan  find  anything 
I  want.     Q^od  erat  dmderandum. 

From  Sir  W.  B.  Hamilton  to  A.  Db  Moboan. 

<  Obskbtatobt,  October  2, 1855. 

'  I  am  in  quite  a  mood  to  write  to  you  about  some  mathematios 
again,  though  several  letters  of  yours  have  scarcely  been  acknow- 
ledged. I  had  a  pleasant  time  in  Glasgow,  and  have  been  working 
here  since  my  return. 

'  I  regret  the  death  of  Sheepshanks,  though  I  did  not  know 
him  as  you  did.' 

From  the  Sahb  to  the  Samb. 

<  Obbebyatoby,  October  24, 1855. 

*  If  I  did  not  know  you  to  be  a  very  good-humoured  correspon- 
dent I  should  scarcely  venture  to  write  to  you  now,  at  least  without 
some  apology  which  I  should  be  tempted  to  postpone  till  the  Ghreek 
Calends.  I  suppose  you  can  be  savage  sometimes,  but  I  have 
never  found  you  so,  and  my  impression  is  that  you  are  too  strong 
to  be  often  cross.     So  I  shall  just  chat  away  on  things  in  general. 

*  To  begin  with  the  last  thing :  Have  you  seen  a  pamphlet  by 
Wm.  H.  R.  Jessop  of  Cambridge,  on  "A  complete  Decimal  System 
of  Money  and  Measures  "  P  Do  you  think  a  book  of  that  sort  does 
much  harm  to  the  cause  P  Should  you  care  to  have  my  signature 
attached  to  some  paper  in  favour  of  your  views,  which  appear  to 
me  to  be  perfectly  sound,  on  the  subject  of  a  decimal  system  of 
money,  the  pound  being  the  unit  P  In  general  I  am  shy  of  sign- 
ing papers,  but  in  this  case  should  have  no  hesitation.  I  will  make 
you  a  present  of  Mr.  Jessop's  book,  if  you  care  for  it,  which  I  am 
so  unpolite  as  to  acknowledge  that  I  do  not.  As  I  take  you  to  be 
something  of  a  "  collector,'*  which  I  am  not,  systematically,  though 
I  do  sometimes  buy  a  book  merely  because  it  is  odd  or  rare,  I  have 
occasionally  thought  of  offering  to  you  some  old  pamphlets,  which 
might  happen  to  fill  up  a  gap.  About  this,  perhaps,  I  may  write 
again,  and  at  all  events  I  shan't  send  you  anything  of  that  sort 
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without  permission  previouslj  obtained.  I  give  you,  in  the  mean- 
time, the  first  refusal  of  one  large  book,  a  half -bound  collection  of 
the  ^'  Morning  Begister  "  of  Dublin,  for  1825,  which  is  intensely 
and  bigotedly  popish,  but  oontains  many  interesting  reoords  of 
that  time.  Something  bewitched  me  to  pay  ten  shillings  or  there* 
abouts,  a  couple  of  years  ago,  for  the  book,  and  now  I  want  to  find 
somebody  who  will  take  it  off  my  hands  for  lote  !  for  I  am  not 
seeking  for  any  sort  of  pecuniary  compensation.  If  you  have  no 
fancy  for  it,  perhaps  some  one  of  my  Roman  Catholic  friends  (and 
some  such  I  have,  though  a  good  Protestant  myself)  might  like  to 
include  it  in  his  collection ;  but  I  offer  it  (as  a  present)  to  jovl  first. 
...  Of  my  published  papers  I  could  easily  spare  you  .  .  •  those 
"  Extensions  "  of  Quaternions  on  which  the  last  word  has  not  yet 
been  said.' 

Drom  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Camden-stbeet,  Camden  Town, 
'  October  29,  1855. 

^  I  was  just  going  to  write  to  an  Irishman,  but  I  did  not  know 
who.  You  did  not  come  into  my  head,  because  mathematician  is 
your  genus,  and  Irishman  is  but  a  differentia.  But  in  came  your 
letter  and  settled  it.  I  have  taken  down  an  Irish  chant  (in  Saxon) 
from  the  mouth  of  an  American  lady,  called  the  '^  Fine  Old  Irish 
Gentleman,"  a  burlesque  imitation  of  the  ^'  Old  English  Gentle- 
man." Is  there  any  such  song,  in  four  line  chant,  current  and 
received  now  P  I  never  heard  it,  often  as  I  have  heard  Irishmen 
sing  national  songs.  Is  it  possible  that  such  a  thing  may  have 
died  out  in  Ireland,  and  been  preserved  in  the  XJ.  S.  Can  you 
apply  to  some  songster,  supposing  you  not  one  yourself  P 

*  Decimal  Coinage. — Do  you  know  Lord  MonteagleP  He  is 
one  of  the  Commissioners  who  are  to  proceed  to  investigate.  A 
public  letter  from  you  would  be  of  great  service.  You  might 
address  it,  even  if  you  do  not  know  him,  as  a  witness,  who  is  pre- 
vented by  locality  from  attending  in  person.  If  you  see  the 
National  RevietCy  No.  2,  there  is  an  article  of  mine  on  the  subject. 

'Mr.  Jessop  knows  nothing  about  it.  His  idea  that  weights 
and  measures  can  be  altered  in  a  day,  but  that  coinage  must  take 
time,  is  just  the  reverse  of  experience,  and  equally  of  a  priori  pro- 
bability.   He  sent  me  his  book. 
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'  I  shall  like  the  old  pamphlets— one  is  sure  to  find  something. 
The  Morning  Register  I  could  not  use ;  jou  had  better  not  delo- 
oalize  it.  Give  it  to  some  true  blue  Protestant.  A  couple  of  copies 
of  the  Extensiom  would  be  very  acceptable. 

^  Quoad  Morning  Register.  I  can  manage  a  Catholic  my  own 
way.  A  friend  of  mine  (papist),  after  reading  the  article  Galileo, 
in  the  Supplement  to  the  Penny  Cyelopcedia^  in  which  I  have  clearly 
shown  that  the  decision  of  the  Inquisition  against  Galileo  never 
was  considered  the  act  of  the  Churchy  at  the  time,  either  by 
Catholics  or  Protestants,  told  me  the  Pope  ought  to  write  me  a 
letter  of  thanks,  and  bantered  me  on  my  pro-Catholic  argument. 
I  replied  to  him  that  the  Pope  had  written  me  a  very  civil  letter, 
offering  to  make  me  a  saint  in  heaven,  or  a  Cardinal  in  Bome, 
regretting  that  he  could  not  do  both;  and  that  I  had  replied, 
declining  both  alternatives,  but  informing  his  Holiness  that  if  he 
would  make  me  either  a  saint  in  Eome,  or  a  Cardinal  in  heaven,  I 
would  accept,  for  then  I  should  be  the  only  one  of  my  class.  My 
friend  stopped  his  banter,  and  circulated  my  reply  widely  among 
his  sect,  who,  nine  out  of  ten,  enjoy  a  joke  against  the  Church 
amazingly.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

'  Observatory,  November  1,  1855. 

'  If  I  were  about  to  be  examined  on  oath  as  to  a  complicated 
matter  oifactj  I  should  not  approve  of  undergoing  any  sort  of 
rehearsal  beforehand :  but  in  a  question  of  deposing  to  an  opinion^ 
it  seems  right  and  wise  to  be  very  sure  that  one  knows  one's  own 
mind  first.  I  shall,  therefore,  without  having  recently  read  any- 
thing of  yours  on  the  Decimal  Coinage,  mention  to  you  the  chief 
points  which  I  at  present  remember  and  adopt :  if  there  be  any 
one  of  them  on  which  I  do  not  agree  with  you,  I  request  you  to 
gfive  me  an  opportunity  of  reconsidering  my  opinion,  before  I 
communicate  with  Lord  Monteagle,  with  whom  I  have  long  en- 
joyed some  degree  of  personal  acquaintance,  though  not  much 
cultivated  by  me  for  several  years.  .  .  .' 

[Hamilton  then  lays  down,  in  five  propositions,  what  he  con* 
siders  to  be  the  essential  points  to  be  observed  in  bringing  about 
the  desired  change.    De  Morgan,  in  reply  {Nov.  4),  comments  on 
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these  seriatim^  and  oonoludes : — "  There  is  nothing  in  your  view 
substantiallj  different  from  ours,  except  that  you  perhaps  think 
there  is  more  alteration  of  coinage  required  than  is  really  neoes- 
sary.  .  .  .  The  great  point  is  the  retention  of  the  pound.  This 
being  granted,  all  the  rest  is  almost  deduction.  Can  this  country 
reckon  in  anything  but  pounds  F  "  As  the  arguments  and  con- 
clusions of  De  Morgan  and  Hamilton  have  already  received  suf- 
fldent  publication  elsewhere,*  I  have  decided  not  to  print  in  this 
volume  the  copious  discussion  of  the  subject  contained  in  subse- 
quent letters  of  this  correspondence.  In  reference  to  another  topic 
of  the  time,  Hamilton  had  felt  unreasonably  aggrieved  by  obser- 
vations of  De  Morgan  on  the  conduct  attributed  to  some  Irish 
ladies  at  the  trial  of  Mr.  Garden  for  the  attempted  abduction  of 
Miss  Axbuthnot.  They  had  clapped  applause  when  on  one  occa- 
sion the  Attorney-General,  as  conductor  of  the  prosecution,  had 
been  defeated.  Hamilton  disputed  the  status  of  the  dappers,  and 
asserted  that  the  sympathies  of  Irish  ladies  generally  were  on  the 
side  of  Miss  Arbuthnot.  He  was  obliged  on  further  information 
to  modify  his  assertions  respecting  the  rank  of  the  persons  com- 
mented on,  but  put  forward  the  extenuating  plea  that  they  were 
displeased  with  the  unfair  and  violent  character  of  the  prosecution 
by  the  Government.  De  Morgan,  in  final  comment,  writes  as 
foUows] : — 

H'om  A.  Db  Morgan  to  Sir  W.  K  Hamilton. 

'  7,  ClMDXK-SXRBET,  CaMDKS  ToWN, 

'  November  4,  1855. 

' .  .  .  However,  it  stands,  as  I  was  convinced  it  did,  that  there 
are  people  in  Ireland  who  admire  the  votes  de  fait^  and  have  a 
sneaking  kindness  for  romantic  crimes.  The  Irish  and  Scotch 
both  are  defective  in  a  quality  in  which  the  English  abound — ^I 
call  it  legal-headedness.  With  us  the  Government  might  press  a 
prosecution  as  hard  as  they  pleased,  so  long  as  the  crime  they  pvi 
^forward  was  really  the  crime  they  were  prosecuting.     When  they 


*  Compare,  supra,  pp.  93-95. 
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prosecuted  Hone  for  blasphemous  parodies,  thej  failed,  because  all 
the  world  felt  they  were  prosecuting  for  political  satire^  and  that 
Hone  might  have  parodied  the  catechism  to  the  end  of  time,  if  he 
had  let  ministers  alone.  ...  If  the  Qoyemment  had  been  strong 
against  Garden,  because  he  had  been  their  opponent,  &c.,  the 
English  feeKng  would  have  been  with  the  Irish.  But  I  suspect 
the  Government  put  forth  its  strength  to  secure  a  prosecution — 
and  a  real  trial — knowing  that  the  lower  Irish,  and  a  good  many 
of  the  higher,  are  very  lenient  to  the  crimes  of  favourites  .  .  •' 

From  the  Same  to  the  Samb. 

<  7,  Cahden-strest,  Camdek  Towk, 
<  March  3,  1856. 

*  I  send  you  the  Fine  Old  Irish  Gentleman,  as  I  took  it  from 
the  lips  of  a  young  lady  from  the  United  States.  Whether  it  was 
bom  there,  or  is  nothing  but  a  returned  emigrant,  I  do  not  know, 
and  do  not  venture  an  opinion. 

*  I  have  added  a  verse,  which  is  pure  deduction  from  what  pre- 
cedes, and  therefore  is  rather  discovery  than  invention.  If  any  of 
its  phrases  are  too  Saxon,  they  may  be  Hibemized  to  the  fancy  of 
the  singer. 

^  So  no  more  at  present,  for  if  I  write  five  minutes  more,  I  shall 
be  obliged  to  alter  the  date,  and  since  the  additional  verse  is  die* 
cover yy  I  may  lose  the  priority  thereby,  so  fast  do  people  jump  on 
each  other's  heels  now-a-days.* 

' ''  Now  tills  fine  old  Irish  gentleman  had  a  ||  mighty  curions  knack 
Of  fLourishing  a  tremendous  great  shillaly,  and  letting  it  fall  down  with  a 

most  un||  compromising  whack. 
But  of  most  superior  shindies  you  may  take  your  oath,  if  you  ever  happen 

to  be  called  upon  for  it,  he  very  nearly  ||  never  had  a  lack, 
And  it's  most  natural,  and  not  all  surprising,  to  suppose  that  the  fine  old 
Irish  mud  was  well  ac||quainted  with  the  back 
Of  this  fine  old  Irish  gentleman  of  the  rale  old  stock. 

*  **  Now  this  fine  old  Irish  gentleman  was  once  ||  out  upon  a  spree 
And  as  many  a  fine  old  Irish  gentleman  has  done,  and  more  by  token  will 

do  to  the  end  of  time,  he  got  about  ||  as  drunk  as  he  could  be. 
His  senses  were  completely  mulvathered,  and  the  consequence  was  that 

he  could  II  neither  hear  nor  see, 
Qo  they  thought  that  he  was  stone-dead  and  gone  entirely,  and  the  best 
they  could  do  would  be  to  have  him  waked  and  ||  buried  dacently, 
like  a  fine  old  Irish  gentleman  of  the  rale  old  stock. 
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*  *'  So  this  fine  old  Iriah  gentleman  was  laid  out  upon  a  bed 
With  half  a  dozen  candles  at  his  heels,  and  two  or  three  dozen  less  or  || 

more  about  his  head. 
But  when  the  whiskey  bottle  was  unoorked  he  could  not  stand  it  any 

longer,  so  he  ||  riz  right  up  and  said. 
Says  he,  when  such  mighty  fine  stuff  as  that  is  going  about,  d*ye  think 
yeUl  find  such  a  soft-headed  ||  fool  as  to  be  dead 
In  a  fine  old  Irish  gentleman  of  the  rale  old  stock  P '' 

'  The  following  verse  has  been  revealed  to  the  transoriber,  as 
representing  the  impenetrable  future  of  the  time  when  the  pre- 
ceding verses  were  written: — 

'  *'  Now  what  d'ye  think  t'was  after  all  that  sent  the  fine  old  Irish  ||  gentleman 

to  wrack. 
For  the  shillaly  was  his  theory  and  practice  both,  and  as  to  the  drop  of  whiskey 

ye'll  be  puzzled  to  make  it  anything  but  meat,  drink,  fuel,  and 

II  clothing  to  his  back, 
Oh  I  'twas  Mr.  Commissioner  Hargreave,  devil  encumber  him,  got  the  patch 

of  potatoes  into  the  Court,  and  ||  sold  it  in  a  crack, 
For  he  said  'twas  a  negative  quantity,  and  there's  never  a  Christian  knows 

what  he  means,  or  whether  he  demeans  himself  to  mean  anything  at 

all,  but  since  that  time  there's  been  a  ||  melancholy  lack 
Of  the  fine  old  Irish  gentlemen  of  the  rale  old  school.' " 

Fi'wn  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

<  Observatort,  near  Dubldt, 

^June  11,  1856. 

'  I  have  whole  lots  of  things  to  write  to  you  about,  but  let  me 
first  get  off  my  mind  a  piece  of  spite  against  an  author  whom  you 
(with  justice)  admire. 

'  A  few  years  ago  you  recommended  me  to  get  Q-rant's  HUtory 
of  Physical  Astronomy.  I  have  only  recently  acted  on  the  sugges- 
tion,  stimulated,  perhaps,  by  receiving  an  account  of  the  well- 
deserved  honour  paid  to  the  .author  by  the  Council  of  the  Astrono- 
mical Society.  The  book  is  very  valuable,  and  very  creditable  to 
its  composer.  But  your  humble  servant  may  be  pardoned  if 
he  finds  himself  somewhat  amused  at  the  title ^  '^History  of  Physical 
Astronomy,  from  the  Earliest  Ages  to  the  middle  of  the  Nineteenth 
Century,"  when  he  fails  to  observe  any  notice  of  the  discoveries  of 
Sir  W.  B.  Hamilton  in  the  theory  of  the  Dynamics  of  the 
Heavens. 
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'Jaoobi  thoaght  them  of  importanoe  enough  to  deserve  an 
elaborate  commentary  at  his  own  hands,  and  of  course  I  admit, 
though  perhaps  it  is  rather  lately  that  I  have  really /(?/^,  how  very 
richly  he  adorned  the  subject,  by  taking  it  up  where  I  had  left  it. 
He  seems  to  have  considered  my  transformations  of  the  different 
tial  equations  of  motion  of  a  system, 

dt\     SJE[     dts       SS  ... 

dt^S^'     d^""  V  ^ 

to  be  almost  as  important  as  my  discovery  of  the  integrated  equa- 
tions, 

in  my  Second  Essay  on  Dynamics,  of  which  I  could  still  place  a 
copy  or  two  at  your  disposal.  It  might  be  an  afEront  to  offer  one 
to  the  author  of  the  History !  I  heard  Jacobi  speak  of  me,  at 
Manchester,  in  1842,  when  I  was  sitting,  by  invitation,  beside 
Dr.  Peacock,  the  then  President  of  the  Mathematical  Section  of 
the  British  Association,  as  **  le  Lagrange  de  votre  pays  " ;  but 
Mr.  Grant  ignores  my  existence.     I  can  bear  it  I 

*  Besides  the  notice  by  Professor  Donkin  of  Oxford,  who  has 
been  pleased  to  print,  as  the  first  sentence  of  his  first  Paper  [in  the 
Transactions  of  the  R.  S.]  "  On  a  Class  of  Differential  Equations,*' 
Ac,  this  passage  : — "  The  Analytical  Theory  of  Dynamics,  as  it 
exists  at  present,  is  due  mainly  to  the  labours  of  Lagrange,  Poisson, 
Sir  W.  B.  Hamilton,  and  Jacobi;  whose  researches  on  this  subject 
present  a  series  of  discoveries  hardly  paralleled,  for  their  elegance 
and  importance,  in  any  other  branch  of  mathematics  "  {Philosophi- 
cal Transactions  for  1864) — I  transcribe  at  this  moment  from  a 
private  copy — besides  this  very  full  and  handsome  recognition,  by 
one  who  is  fully  competent  to  judge,  and  a  slight,  but  favourable 
notice  of  one  point  of  my  theory  of  dynamics,  by  Mr.  Cayley,  in 
the  Philosophical  Magazine  for  the  present  month,  I  have  received, 
rather  lately,  in  a  parcel  of  foreign  books,  a  quarto  volume,  by 
M.  Hoiiel,  of  Alen9on,  entitled,  ''  Theses,  presentees  a  la  Faculty 
des  Sciences  de  Paris,  pour  obtenir  le  Ghrade  de  Docteur  es  Sciences" 
(at  this  moment  I  copy  from  a  memorandum  made  by  another 
person,  the  book  itself  having  been  lent  by  me  to  the  governing 
Board  of  my  own  University),  and  of  the  two  Theses  in  the 
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Yolume,  one  is  entitled: — ''Th^se  de  M^nique:  Sur  I'integra- 
tion  dee  Equations  differentielles  dans  les  probl^mes  de  M^oaniqne" 
(almost  entirely  devoted  to  a  study  of  my  Papers,  and  of  Jaoobi'a 
extensions  of  my  results)  ;  and  the  other,  "  These  d'Astronomie  : 
Application  de  la  M^thode  de  M.  Hamilton  au  oaloul  des  pertur- 
bations de  Jupiter."  As  I  have  not  the  book  itself  beside  me  at 
this  moment,  I  shall  merely  say,  from  memory,  that  after  correct- 
ing a  large  number  of  errors  of  detail,  of  Pont^ooulant,  the  author 
proceeded  to  apply  my  new  method,  and  my  new  disturbing  func- 
tion (-Ba),  to  my  new  conception  of  the  elliptic  orhiU  of  the  planets^ 
which  is  entirely  distinct  from  that  which  was  so  beautifully 
imagined  by  Lagrange ;  and  that  he  has,  with  great  elegance  and,  so 
far  as  I  could  judge,  with  success — though  on  so  important  a  point 
in  science  I  must  reserve  myself  for  a  more  careful  judgment — 
applied  my  principles  to  the  Perturbations  of  Jupiter,  produced 
by  all  the  other  planets ;  and  has  gone  on  to  calculate  the  elements 
for  the  years  of  our  era,  2300,  and  2800.  Mr.  Qrant  could  not 
know  of  M.  Houel's  book,  since  it  was  published  later  than  his 
own ;  but  what  an  enormotia  difference  of  scientific  sagacity  in 
appreciating  discovery  the  works  convey !  A  certain  "  De  Morgan,'^ 
to  whom  he  refers,  paid  me  all  justice.' 

[The  next  letter  from  Hamilton  was  a  long  one  in  two  instal- 
ments, both  dated  Nov.  26,  1856,  on  the  subject  of  Decimal 
Coinage.    I  extract  a  few  passages  from  De  Morgan's  reply] : — 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  7,  Gahdsn-stbeet,  Cahden  Town, 
<  December  26,  1856. 

*  I  got  your  nine-sheet  letters  a  day  or  two  after  I  saw  your 
son,  who  called  on  me  in  an  evening  on  which  my  wife  was  laid 
up  with  bronchitis,  now  passing  away.  When  the  house  is  free 
from  this  plague,  I  hope  to  see  more  of  him.  I  think  it  is  nine  or 
ten  months  since  I  heard  from  you,  or  vice  versd.  I  concluded  you 
reasonably  busy.  Your  namesake  has  passed  away  since  I  last 
wrote,  and  I,  of  all  persons,  wrote  the  notice  of  him  in  the 
AthencBum. 

*  When  you  give  me  express  permission,  I  shall  be  very  glad  to 
put  your  name  down  on  the  Decimal  Association.    No  subsorip- 


Professor  Augustus  De  Morgan. 


5" 


tion  ia  required.  .  .  .  The  creed  of  the  Assooiation  is,  *^  There  is  no 
pound  but  the  pound,  and  the  mil  is  its  thousandth  part."  All 
questions  of  nomenclature  are  open.  The  decimalised  pound  is 
the  bond  of  union.  «  .  .  With  the  children  [Hamilton  was  propos- 
ing to  lecture  the  children  at  Mercer's  School  on  the  decimal 
system]  you  mtfy  do  anything ;  with  the  grown  people  the  diffi- 
culty is  to  get  them  to  suppose  it  possible  that  they  can  put  their 
heads  to  anything  in  the  shape  of  calculation.  The  only  plan  is 
to  try  to  get  the  extra  farthing  in  sixpence  into  their  heads,  and 
then  cheat  them  into  what  you  can  of  the  rest.  But  they  will 
never  believe  they  have  actually  done  it,  if  you  allow  them  to 
think  there  is  anything  to  do.  •  •  . 

*  I  heard  from  your  son  that  you  were  all  pretty  weU.  Steer 
dear  of  bronchitis.  There  is  no  saying  what  the  isonosical  Hues 
are.  The  cholera  used  to  traverse  India  in  three  strips.  One  of 
them  passed  through  a  regiment  encamped,  in  the  night,  decimated 
the  centre  companies,  and  left  both  flanks  quite  untouched.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camden-strebt,  Gauben  Town, 
'January  12,  1857. 

^  I  send  you  the  air  to  the  Gentleman,  which  is  common  to  the 
English  Gent.,  the  Irish  Gent.,  and  all  the  gent,  songs.  I  send 
it  in  my  own  musical  notation.     It  is  a  chant : — 

A  A  minim,  % 

Ao    crotchet, 

A^    quaver, 

A^^    semi-quaver,  &c. 


Key  of  G 


P 


5  a 


G.G. 


G.a. 


^lU   ^// 


P,  „  G, J  A,,  A  J  A,  A, A,AJ 

B,,,A,,G,,,A,JB.,BJB,B, 

B,BJO,,,B„A,„BJC„OJOA 

0,OJD,,,0,A«CJD.,,, 

q-.|q.g.F..KJE,D,G,„AJ 
BB  I  AA  I  G(i  I  GKil 
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*  I  made  out  a  sjatem  of  printing  musio  by  which  a  oommon 
printer  could  manage  to  give  it,  when  an  author  is  hard  pressed, 
and  does  not  like  to  go  to  the  expense  of  engraving.  And  I  had 
set  up  very  satisfactorily  the  opening  movement  of  the  overture 
to  Prometheus— treble  and  bass.'  * 

From  the  Same  to  the  Same. 

*  7,  CAlCDBir-STEiSET,  CaMDVS  TOWIT, 

<  January  18,  1857. 

'  Your  theorem  [P]  is  under  consideration.  I  dare  say  it  is 
true ;  and  it  will  set  you  going  in  a  new  groove. 

'  T'other  Sir  W.  H.  said  that  there  was  no  more  merit  in  being 
right  in  mathematics  than  in  walking  straight  in  a  ditch.  He  forgot 
the  two  questions : — 1.  Given  two  points,  required  to  make  a  ditch 
between  them.  2.  GKven  a  point  where  n  ditches  meet,  required 
the  way  of  knowing  the  right  one.  All  metaphysicians — except 
you  and  I,  and  Boole — consider  mathematics  as  four  books  of 
Euclid,  and  algebra  up  to  quadratick  equations/ 

*  IVom  Qeobgb  Pxteib,  ll.j).,  to  Sifi  W.  R.  HAinxToy. 

*  February  18,  1857. 

*  I  found  no  difficulty  in  reading  at  sight  Mr.  De  M.'s  notation  of  the  tone 
of  the  Irish  Gentleman,  which,  by -the- way,  delighted  me  by  its  ingenuity. 
An  ignoramus  in  mathematics  like  myself  would  never  think  of  such  a  clear 
yet  simple  mode  of  conveyiDg  musical  sounds  to  the  mind  as  this.  And  with 
respect  to  the  tune  itself,  I  wish  you  would  acquaint  Mr.  De  M.  that  I  consider 
it  as  in  no  respect  Irish.  It  is  in  fact  a  very  pleasing  English  melody,  founded 
upon  the  style  of  the  cathedral  chants,  and  expressly  composed  for  the  song  of  the 
Old  English  Gentleman,  of  which  the  Old  Irish  Gent,  is  no  doubt  a  sort  of  imitation 
or  parody.  This  latter  gent.,  by -the- way,  I  have  an  indistinct  impression  of 
having  read  in  our  Umvernty  Magazine^  or  some  other  and  perhaps  older  Irish 
periodicaL  I  have  certainly  read  it  somewhere  in  my  time,  but  it  was  long, 
long  ago.  But  I  never  heiurd  it  sung.'  De  Morgan  subsequently  writes : — <  I 
am  glad  Dr.  Petrie  likes  the  musical  notation.  Did  I  send  you  the  printed 
specimen  in  Note*  and  Queries  f  I  will  procure  one  if  I  did  not  I  never 
thought  the  air  was  Irish :  it  is  clearly  an  English  cathedral  chant.  I  cannot 
yet  find  the  words  anywhere,  or  hear  of  anyone  who  has  heard  of  them.  The 
song  is  an  imitation  of  the  Old  English  Gentleman,  as  now  sung,  which  itself  is 
an  imitation  of  the  old  version,  which  may  be  seen  in  the  "Elegant  Extracts."' 
Of  the  words  of  the  Irish  Gentleman  Hamilton  writes : — '  My  daughter  thought 
your  own  addition  the  only  pleasing  part  of  it.  ....  I  don't  like  it  a<  otf .  • .  I 
donH  like  the  verses,  but  I  have  not  destroyed  anything  from  xou.' 
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From  Sir  W.  B.  Hamilton  io  A.  De  Morgan. 

*  Obsebyatobt,  March  22,  1857. 

*  I  have  a  Godsend  for  you — that  is  if  it  he  new  to  you^  which 
must  he  owned  to  he  unlikely — namely,  a  title-page. 

*  While  my  daughter  and  I  went  to  our  parish-church  of  Castle- 
knock  .  .  .  my  second  son,  Archibald,  .  .  .  walked  to  the  other 
Protestant  church  in  our  neighbourhood,  namely,  that  of  Finglas, 
where  the  poet,  Pamell,  if  I  mistake  not,  once  was  Vicar — a  fact 
which  I  think  that  I  have  heetrd  mentioned,  long  ago,  in  some 
charity  sermons  there  !  without  admiring  the  taste  of  the  introduc- 
tion of  such  an  anecdote  in  such  a  connexion — unless,  indeed,  the 
charity  should  in  any  way  date  from  him,  a  point  into  which  it  may 
be  worth  while  to  inquire.  Archy  is  a  particular  pet  of  the  present 
Finglas  Vicar,  Mr.  0'E.egan,  who  succeeded  to  Dr.  Walsh,  once 
Chaplain  to  Lord  Strangford  in  the  Embassy  at  Constantinople, 
and  otherwise  known  as  a  traveller  and  as  an  author.  Dr.  Walsh 
and  I  were  great  friends :  one  of  my  earliest  recollections  is  of  my 
father's  having  taken  for  the  summer  a  house  of  his  at  Glasnevin, 
in  this  neighbourhood,  and  of  my  pursuing  there  some  daring  and 
forbidden  explorations ;  mounting  on  tables  and  chairs,  to  reach  a 
sort  of  angle  in  the  roof,  whence  I  contrived  to  drop  into  a  locked- 
up  lumber-room,  where  I  only  found  some  old  dials  and  things  of 
no  importance.  But  the  chamber  had  the  charm  of  prohibition, 
having  probably  been  reserved  by  Dr.  Walsh,  before  he  went  to 
the  East,  or,  at  all  events,  before  he  set  the  house,  which  still 
exists,  to  my  father.  Be  that  as  it  may,  Dr.  Walsh  quite  forgave 
me,  and  laughed  at  the  story  when  I  told  it  to  him,  after  (say) 
twenty  or  twenty-five  years ;  but  at  the  time  I  must  have  been 
embarassed  to  emerge.  (Facilis  descensus  .  .  .  sed  revocare  gra- 
dum  .  .  .).  Some  ladder  I  think  was  put  down  for  me,  and  I  got, 
of  course,  a  very  good  scolding,  which  does  not  prevent  me  from 
remembering  that  Glasnevin  house  with  a  certain  affection  and 
interest.  Child  as  I  was,  I  well  recall  my  reading  Shakespeare  in 
bed,  on  some  glorious  summer  morning,  perhaps  at  five  o'clock, 
while  with  a  half-averted  glance  I  watched,  from  time  to  time,  the 
gambols  of  two  kittens,  of  which  one  occupied  in  triumph  the  seat 
of  a  chair  by  my  bedside,  while  the  other  attempted  to  dispossess 
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her.  Forty  years  have  passed  away,  for  I  speak  of  1817 ;  but  I 
feel  that  I  make  no  misnomer,  when  I  say  the  names  of  the  kittens 
were  Molly  and  Jane.  With  the  true  spirit  of  a  boy  come  back 
upon  me,  I  name  my  otm  pet,  Molly,  the  first ;  the  other,  Jane, 
was  the  pet  of  my  sister,  Eliza,  the  poetess.  We  used  to  let  them 
out,  sometimes  separately,  at  two  different  holes  in  the  roof,  and 
then  run  out  on  the  leads,  to  enjoy  their  surprise  at  meeting  eaoh 
other.  It  is,  no  doubt,  a  consolation  to  me,  that  the  love  between 
my  sister  and  myself  was  never  interrupted ;  and  that,  at  last,  she 
died  in  my  arms. 

'  But  to  return  to  the  present  Yioar  of  Finglas,  Mr.  O'Kegan, 
and  my  son  Aroh.  The  latter  has  brought  to  me  from  the  former 
that  new  old  book  which  has  set  me  upon  writing  this  letter.  The 
title-page  runs  thus  .-—Bbrnhardi  Yarenj  Med.  D.  Geographia 
G-ENBRALis,  In  qu&  ASeotiones  Generales  Telluris  Explicantur, 
summ&  cur&  quam  plurimis  in  loois  Emendata,  et  XXXIII.  Sohe- 
matibus  Novis  u^re  inoisis,  un&  oimi  Tabb.  aliquot  quae  desidera- 
bantur  Aucta  et  Illustrata  Ab  Isaaco  Newton  Math.  Prof. 
Lucasiano  apud  Cantabrigienses.  Editio  Seounda  Auotior  et 
Emendatior.  Gantabrigise.  Ex  Offioina  Joann.  Hayes,  Cele- 
berrimae  Aeademiae  Typographi,  sumptibus  Henrioi  Dickinson 
Bibliopola,  mdclxxxi.    So  ends  the  title-page.' 

[This  letter  enclosed  a  note  from  Mrs.  T.  Disney,  mentioning 
her  remembrance  of  Prof.  De  Morgan's  brother,  and  other  members 
of  his  family,  and  also  giving  an  account  of  Hamilton's  voting  for 
her  friend  the  Bev.  Dominic  Browne,  candidate  for  the  Secretary- 
ship of  the  Association  for  Promoting  Christian  Knowledge. 
Hamilton's  perusal  of  this  note  led  to  his  making  the  following 
comment  upon  it  in  a  postscript  to  his  own  letter.  I  have  felt 
obliged  to  omit  introductoxy  reminiscences,  most  of  which  have 
been  elsewhere  recorded.] 

*  P.  S. — ^After  finding  that  I  should  be  too  late  to  catch  the 
Dublin  post  of  this  eveniug,  if  I  had  sent  off  the  enclosed  letter 
by  a  messenger,  I  am  induced  to  add  the  remark  which  may 
interest  you  in  connexion  with  Historical  Evidence,  and  the  Calcu- 
lus of  Probabilities,  that  a  statement  in  the  lady's  note  within  is 
not  historically  accurate — although  she  had  it  from  what  might 
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seem  the  he^t  authority,  and  no  motive  ooold  even  be  conceived  to 
have  existed  to  vitiate  the  correctness  of  the  narrative.  ...  At  all 
events,  I  had  a  right  to  vote  in  a  recent  and  contested  election  for 
a  vacant  Secretaryship,  combined  with  a  Sub-Treasurership,  in 
which,  though  only  a  layman  myself,  I  stood,  as  a  member,  on  an 
equal  footing  with  that  fine  old  gentleman — that  real  "  Old  Irish 
Ctentleman,"  the  Lord  Primate  of  Ireland,  Beresford  [Lord  John 
George].  The  Primate  had  been  induced  to  write  a  good-natured 
letter  to  a  son  of  an  old  chaplain  of  his  own,  commencing  with  the 
words,  '^  My  dear  James  " ;  and  on  the  strength  of  those  words,  a 
large  body  of  clergymen,  revering  justly  the  Archbishop  of 
Armagh,  were  induced  to  vote  for  a  yoimg  Mr. .  The  Arch- 
bishop of  Dublin  remained  neutral.  I  voted  against  ^'Dear 
James,"  and  avowed  openly  that  I  was  balloting  for  the  Mr. 
Browne  who  succeeded.  But  it  is  not  teub  that  I  "  sat  doum  "  / 
In  fact  I  do  not  think  that  there  was  any  chair  or  other  seat  in  the 
balloting-room  except  the  small  bench  on  which  the  acting  secre- 
taries sat.  So  much  for  historical  accuracy  on  even  recent  and 
public  occurrences.  But  the  substance  of  the  account  is  quite 
oorrect.     Draw  your  own  moral,  and  believe  me,*  &c. 

IVom  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

<  7,  Cahden-strebt,  Cahden  Town, 
*  May  4,  1867. 

* .  .  .  Newton's  Varenius  I  am  well  acquainted  with.  I  once 
examined  it  narrowly  to  know  what  made  him  edit  it.  I  fancy  it 
was  the  full  descriptiou  and  defence  of  Copemicanism  which  made 
him  desirous  of  introducing  it  into  the  University,  in  which  at  that 
time  the  Copemican  system  was  far  from  fully  established.  But 
Newton  was  not  much  of  an  editor.  He  allowed  Varenius's  mis- 
takes about  the  English  mile  to  remain  without  comment. 

*  Tou  climbed  up  to  the  hole  in  the  wall  which  was  patent ; 
but  I  discovered  the  hole.  Tou  shall  see.  I  was  about  twelve 
years  old,  and  well  up  in  the  Castle  of  Otranto,  and  lots  of  other 
Gothic  stories,  and  not  wholly  incredulous,  when  a  Somersetshire 
rector  lent  my  mother  his  house  for  five  or  six  weeks.  It  had  been 
attached  to  an  old  priory,  the  moat  of  which,  bricked  into  a  Dutch 
kind  of  canal,  watered  the  garden ;  and  round  this  moat  would 
often  drive,  as  we  were  told,  carriages  and  horses,  and  passengers 
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and  ooachmen,  all  without  heads,  at  least  all  but  the  carriages.  So 
I  looked  about  the  house,  which  was  veiy  old,  and  in  some  parts 
gloomy,  and  I  found  in  what  novelists  woidd  call  a  gallery,  but 
which  was  a  passage  leading  to  bedrooms,  a  quantity  of  paneling. 
One  of  the  panels  seemed  a  little  loose,  and  I  worked  at  it,  until 
at  last  up  I  made  it  slide,  showing  a  passage  big  enough  for  me  to 
crawl  into.  Ah !  thinks  I,  it's  all  true ;  there  are  secret  passages;  if 
so,  why — there  must  be  the  skeletons  and  the  bloody  armour,  and  the 
deep  groans  from  underground.  After  a  great  deal  of  hesitation  I 
determined  to  crawl  in,  and  I  did  it,  and  emerged  in  a  room  of 
which  the  beams  were  bare  and  the  aspect  most  ghostly,  except  for 
spiders  and  webs.  But  not  a  skeleton  nor  a  single  suit  of  armour. 
The  room  had  in  it  a  door  wliich  opened  on  a  stair-case  as  dark  as 
the  passage ;  and  here  I  trembled  again,  and  at  last  went  down. 
A  door  at  the  bottom  opened  and  destroyed  the  romance,  for  I 
found  myself  in  the  old  oak-paneled  drawingroom.  But  why 
the  best  bedroom — as  it  ought  to  have  been — was  devoted  to 
spiders  I  never  learnt.  A  haunted  room,  perhaps.  The  passage, 
no  doubt,  was  for  concealed  exit  and  entry,  and  I  dare  say 
parsons  in  Cromwell's  time  had  found  it  useful.  So  no  more  at 
present,  this  being  story  for  story,  from  yours  very  truly.' 

*  May  15. — The  instance  of  historical  evidence  duly  received. 
What  is  history?  Might  it  not  as  well  have  been  anything 
else  for  aught  we  can  know  P  Did  William  III.  really  come  over 
to  keep  us  from  wooden  shoes  P  You  observe  that  it  is  now  con- 
tested that  Shakspere  wrote  his  own  plays ;  somebody  says  Baoon 
wrote  them.  Are  we  quite  sure  it  was  not  Dean  Swift  who  deposed 
James  II.  and  reigned  in  his  stead  P  if  indeed  James  was  deposed  P 
or  if  he  ever  reigned  P  supposing  him  to  have  existed.  Or  do  we 
exist  ourselves  P  Or  does  anything  exist  P  Is  it  not  altogether  a 
prejudice  of  our  own  for  our  own  glorification  P  I  wonder  nobody 
has  started  a  theory  of  universal  nihility — showing  d  priori^  d  pos- 
ieriori,  d/ortiori^  and  ab  ex  nihilo  nihil fitxori — ^that  nothing  overdid 
or  can  exist,  or  will  exist,  or  could  be  supposed  to  exist.  Whatoly  says 
you  must  always  look  for  the  weak  point  of  a  system  in  what  is  imi- 
versally  granted ;  now  do  we  not  all  grant  existence  an  existence  P 
Has  anybody  proved  the  existence  of  existence  P  Could  he  do  it 
without  assuming  the  existence  of  the  existence  of  existence,  and 
80  on  ad  infinitum  P    These  are  grave  questions.    The  Sir  W.  H. 


Professor  Augustus  De  Morgan.  5 1 7 

to  whom  they  belong  is  gone ;  therefore  they  are  properly  relegated 
— to  use  a  word  of  his — to  his  namesake. 

^  The  French  Government  are  beginning  to  do  justioe  to  Libri. 
They  have  restored  his  books  and  efiEects,  and  have  designated  him 
in  the  proceeding  as  absent  ligakment  instead  of  contumace.^ 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

<  Obsekyatoet,  May  20, 1857. 

^  It  was  a  curious  piece  of  good  luck  of  my  son  to  be  a  lodger 
next  door  to  you,  for  a  while,  without  having  designed  to  be  so. 
It  is  clear  that  Mr.  Salmon  thinks  the  success  (such  as  it  is)  of  the 
quaternions  to  be  a  similar  piece  of  good  luck — or  at  least  that 
they  form  an  intransferable  sort  of  Bank  Post  Bill,  useful  only  to 
the  proper  possessor  of  it.  I  have  recently  made  out  an  interesting 
property  of  the  envelope  of  the  plane  connecting  two  corresponding 
sides  of  a  Hessian  or  other  Cubic  Cone — by  quaternions;  but 
Salmon  would  call  my  method  a  purely  spontaneous  one !  Betum 
to  me  his  note,  and  believe  me,'  &c. 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

<  7,  Caxden-stkbbt,  Cahden  Towf, 
<  June  15,  1857. 

*  I  return  Mr.  Salmon's  letter.  His  very  name  is  redolent  of 
recondite  curve  properties.  What's  in  a  name  P  If  Lobster  should 
over  write  on  the  higher  curves,  or,  better  still,  if  Salad  should,  and 
liobster  should  publish  an  enlarged  edition,  then  Lobster's  Salad 
will  suggest  we  don't  know  what  ideas  of  symbolised  space. 

^  On  with  you.  You  have  the  whip  hand  of  the  quaternions, 
which  hardly  anybody  else  will  get  in  your  time. 

*  I  am  very  sorry  that  we  saw  so  little  of  your  son.  He  is  an 
Irishman — Cloves  fun — and  sticks  to  business — three  capital  things 
to  come  together.  I  have  known  the  first  and  second  come  together 
often.     I  have  known  the  third  absent. 

*  I  have  arrived  at  the  necessity  of  enlarging  the  definition  of 
affi/rmative  and  negative^  as  applied  to  propositions.  No  name  filling 
the  universe,  which  is  an  essential  condition  of  names  used  in  pre- 
dication, we  have  identical  names  and  contrary  names,   which 
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together  fill  the  univeney  but  have  nothing  in  common.  An 
affirmative  proposition  is  anyone  which  is  necessarilj  true  of 
identical  names,  faUe  of  contrary  names.  A  negatiye  proposition 
is  any  which  is  necessarily  true  of  contrary  nsxaeSf  false  of  identical 
names.    To  this  complexion  must  it  come  at  last.' 

Fyom  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

'  Obssbyatort,  June  24,  1857. 

^  You  have  made  my  face  white,  by  sending  me  those  lines  for 
Dr.  Petrie  [a  copy  by  De  Morgan  of  The  Old  Irish  Gentleman], 
into  whose  hands  I  duly  gave  them,  on  Monday  night,  at  our  last 
meeting  for  the  session  of  the  Boyal  Irish  Academy*  Mind,  not 
"  Hibernian,"  though  the  Times^  in  one  of  its  flings  against  Ireland^ 
professed  to  see  no  difference. 

'  I  suppose  you  are  not  likely  to  have  heard,  or  to  remember, 
that  I  had  once  (long  ago)  the  honour  of  a  sort  of  quarrel  with  the 
Times.  At  all  events,  during  its  anti-British-Association,  or  pre- 
scientific  days,  probably  while  Sir  James  South  was  king,  I  was 
led  on,  by  the  ardour  of  some  speech  of  mine  at  Cork,  to  tndicule 
(in  presence  of  Lord  Bosse,  &c.)  the  Thunderer's  assumption 
of  being  any  sort  of  judge  whether  the  B.  A.  was  right  or  not.  I 
must  say,  for  the  London  Jupiter,  that  he  took  it  very  good- 
humouredly,  and  only  playfully  inquired,  hotc  much  wiser  Sir  W. 
B.  H.  supposed  the  boots  and  ostlers  of  Cork  would  be  for  his 
profound  mathematics^-or  some  such  joke — ^which  of  course  I  took 
in  good  part. 

*  People  talk  of  Irish  impudence ;  but  for  powers  of  face^  com- 
mend me  to  the  London  Times  !  I  can  remember  the  appearance 
of  an  article,  or  an  adopted  letter,  in  that  newspaper,  in  the  winter 
of  1834,  when  Wm.  lY.  turned  out  his  ministers,  the  last  passage 
of  which  article  or  letter  was  this :  "  The  Queen  (»  Adelaide)  has 
done  it  all !  "  And  then  scarcely  a  day  (I  am  pretty  sure  that 
not  a  whole  week)  elapsed,  before  the  Times  became  an  eloquent 
advocate  for  that  singularly  consistent  Cabinet,  of  which  the  Duke 
of  Wellington,  the  Duke  of  Yittoria,  the  Marquis  of  Douro,  the 
Count  of  Salamanca,  &c.,  &c.,  composed  at  first  the  only  individuals. 
(I  beg  their  pardon  if  I  forget  all  their  names.)  It  has  done  me 
good  to  write  some  nonsense,  and  I  am,'  &o. 
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From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Camden-strert,  Cavden  Town, 
*Jw/y  3,  1857. 

*'  I  snfipect  you  write  letters  as  hens  lay  eggs,  and  that  Lady 
Hamilton  finds  them,  envelopes  them,  puts  them  before  you  as 
official  letters,  and  you  direct  them  as  per  memorandum  affixed. 

^I  see  now  what  use  you,  philomath,  make  of  your  position  as 
astronomer.  In  a  hook  printed  by  some  lieutenant,  showing  that 
the  earth  moves  trochoidally  if  the  sun  has  a  motion,  the  author 
says  that  he  submitted  his  diagram  to  you,  and  that  you  told  him 
that  you  could  only  give  him  ten  minutes,  for  that  you  had  an 
observation  coming  on  in  a  quarter  of  an  hour.  I  see  now  how  you 
get  rid  of  visitors  whom  you  do  not  want.     This  is  clever. 

*And  this  is  innocent.  You  say  that  people  talk  of  Irish 
impudence,  but  you  will  back  the  London  Times  against  them. 
Why,  does  not  all  the  world  know  that  the  bulk  of  the  Times  staff 
is  Irish  ?  Some  people  say  they  make  a  rule  always  to  have  one 
editor  Irish,  to  keep  them  from  not  going  too  far.  Activity  in 
negation  is  not  an  English  idiom,  generally.  It  may  be  Oriental. 
A  long  time  ago  a  child,  a  cousin  from  India,  whose  nurse-tongue 
was  Telugu,  and  who  could  hardly  put  together  phrases  in  English, 
told  me  my  hooked  stick  was  "  to  not  let  the  dogs  run."  I  found 
out  by  cross-questioning  that  this  was  his  idea  of  the  intention  of 
it.     [An  illustration  follows.] 

*  The  course  you  describe  is  the  regular  one  of  the  newspapers, 
only  the  Times  does  it  with  a  bolder  face.  They  live  from  day  to 
day,  and  it  is  enough  if  they  can  be  with  the  tide  of  the  day.  I 
have  long  made  up  my  mind  that  newspapers  are  only  attempts  to 
reflect  the  features  of  opinion  for  the  time  being.  No  newspaper, 
which  means  to  exist,  can  be  much  more  or  much  less  absurd, 
dishonest  or  prevaricating,  than  the  public  it  is  to  sell  to. 

*  And  people  who  call  newspapers  names  are  people  who  quarrel 
with  the  mirror  for  showing  them  a  set  of  ugly  features.' 

[A  letter  of  Hamilton's,  referred  to  in  the  following,  is 
missing]. 
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From  the  Same  to  the  Same. 

'  7,  GAKBEN-STREETy  CaKDEN  ToWV, 

<  A\ngvi$t  3,  1857. 

^  You  did  not  send  your  Letter  to  a  Lady,  but  I  saw  it  in  the 
OifclopcBdia.  I  suppose  Lady  Hamilton  has  no  objection  to  yonr 
writing  to  a  lady  about  quaternions,  as  long  as  you  do  not  extract 
the  square  root,  and  write  on  biniona.  But  really,  now,  I  wonder 
at  your  supposing  that  you  oould  make  quaternions  go  on  all  fours 
as  a  ladies'  pad.     They  do  not  oanter  gently  enough. 

*  Now  to  the  Bill,  which  shall  be  confidential.  .  .  . 

'  This  remedied,  I  like  your  draft  very  well  in  all  its  matter. 

^Archibald  Smith  was  first  introduced  to  me  at  an  eyening 
party  as  "  Mr.  Smith,"  and  I  had  to  identify  him  by  his  conversa^ 
tion,  which  was  about  transformation  of  multiple  integrals,  by 
which  differentia  I  reduced  the  genus  Smith  to  the  individual 
Archibald.     [Now  Mr.  Justice  A.  L.  Smith.] 

^  As  to  letters,  I  keep  a  very  large  number,  but  I  have  a  pru- 
dent executor  in  my  will,  who  will  deal  properly  with  them.  I  do 
not  think  you  need  mind  any  of  your  letters  being  published. 
You  say  there  ought  to  be  limits  to  human  folly.  I  am  not  sure 
of  that.  At  any  rate,  if  all  my  letters  were  published,  I  should 
have  no  limits  whatever.  Why  P  what  did  I  send  to  the  author 
of  the  Prolegomena  Logica  the  other  day,  merely  because  he  is  a 
grave  man,  is  Mansel,  and  I  hoped  to  raise  his  dander,  as  the 
Yankees  say — nothing  less  than  a  drawing  of  Hood's  ambiguous 
middle  term — 

*'  So  they  told  the  sexton, 
And  the  sexton  tolled  the  bell," 

which  I  illustrated  at  length  by  something  like  this,  only  more 
elaborate.     [Illustration  follows.] 

*  Now  with  regard  to  wills  .  .  •  Beware  of  codicils.  A  man's 
intentions  die  with  him,  and  his  words  only  remain,  and  his  inten- 
tions are  gathered  from  them  by  rules^  which  he  does  not  know, 
probably. 

*  A  cousin  of  mine — Irish  by-the-way — the  late  Major  Barley  of 
His  Majesty's  tenth  regiment,  being  in  India,  and  meaning  to 
leave  his  orderly-sergeant  all  his  furniture  and  traps,  left  him  '^  all 
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his  *  goods  and  chattels '  in  India  J^  Now  one  of  his  Indian  chattels 
— but  he  did  not  know  the  meaning  of  the  word — was  £10,000  in 
Company's  paper,  and  it  was  only  redeemed  by  a  vexatious  law- 
suit. He  had  better  have  left  all  his  traps,  and  then  he  would  not 
liave  left  such  a  trap.  So  beware  of  legal  words.  If  a  lawyer 
draws  the  will,  it  is  well  to  have  them.  But  the  best  thing  a  lay- 
man can  do  is  to  write  his  will  just  as  he  would  give  full  instruc- 
tions to  a  solicitor. 

*  Don't  be  intestate  for  a  single  day.  Make  a  rough  draft,  and 
execute  it,  to  save  the  few  days  of  making  a  better  one.  I  take  it 
for  granted  you  know  the  essentials  of  witnessing,  &c. 

'  I  have  been  at  the  logic,  and  have  commenced  a  new  warfare 
with  the  logicians.  They  really  are  not  fit  to  handle  their  own  tools 
without  mathematics.  They  have  turned  all  logic  into  mathema- 
tics— ^without  knowing  it.  And  now  that  they  begin  to  see  that 
logic  has  two  sides,  which  ought  to  be  called  the  mathematical  and 
the  metaphysical,  but  which  they  call  extension  and  comprehensionj 
they  are  only  growing  another  branch  of  the  mathematical.  They 
want  a  mathematician  to  show  them  the  way  to  the  door. 

*  Tou  sent  me  (Feb.  1856)  a  pretty  reduction  ad  impossihik^  Ac, 
derived  from  -4  +  £  +  (7«  0.  This  is  an  instance  of  a  wrong  analogy 
having  its  right  points.     I  have  inserted  it  in  my  Paper.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

<  Obsebvatort,  August  7,  1857. 

*  It  may  amuse  you — and  certainly  I  do  not  aspire  to  instruct  you 
— if  I  mention  that  I  have  this  day  dashed  off  a  note  (about  the 
thirtieth  of  perfectly  pleasant  ones,  since  there  was  something  like 
a  quarrel  between  us,  or  rather  between  our  friends — ^you  know  what 
that  means — Salmon*  and  I  have  never  had  one  moments  unkind- 
ness  or  jealousy  towards  each  other),  which  note  began  nearly  as 
follows: — "My  dear  Salmon,  a  brilliant  thought  has  occurred 
to  me  on  which  I  should  like  to  have  your  opinion." 

*  It  was  a  project  of  a  mathematical  "  Tract,"  on  which  I  con- 
sulted, or  non-consulted  him ;  for  I  told  him  plainly,  that  whether 
he  said  Yes  or  No,  I  would,  if  in  the  vein,  go  on. 

*  Even  with  poor  (but  great)  Mao  Gullagh  I  was  always  on  goody  and  I  might 
add,  almost  always  on  affectionate  terms. 
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^  But  I  saidy  with  equal  honesty^  that  his  opinion  on  the  point 
would  interest  me  very  much. 

^  In  the  same  spirit  I  write  to  yoUy  De  Morgan,  to  mention 
that  it  has  just  ooourred  to  me  that  a  "  Tract/'  of  perhaps  fifty 
pages,  or  suppose  that  it  stretched  to  one  hundred,  might  be  drawn 
up  by  me,  and  be  entitled,  ''  On  the  treatment,  by  Quaternions,  of 
Cones  of  the  Second  Order  "  (you  know,  from  Dr.  Hart's  note  to 
me,  that  I  have  lately  found  out  something  about  Cones  of  the 
Third  Order) :  and  that  such  a  Tract,  if  not  allotted  to  become  too 
long^  might  fairly  be  made  a  part  of  undergraduate  study  among 
young  men  seeking  for  honours  in  Science.  In  Dublin  it  would 
have  a  peculiar  appropriateness,  because  Cones  and  Conies  have 
been  very  generally  studied  by  clever  young  men  here;,  and  a 
translation  of  some  of  the  Memoirs  of  Ghasles,  by  C.  Grravos,  has 
been  circulated,  and  examined  in ;  with  additions  of  Graves's  awn, 
which  I  ought  to  study  more  closely  than  I  have  yet  done. 

'  Now,  dear  De  Morgan,  I  am  not  asking  you  to  advise  me  as  a 
friendy  but  merely  to  tell  me  how  you  relish  (or  </i«reliBh)  the  pro- 
ject, as  a  scientific  man ;  and  as  one  well  acquainted  with  Univer- 
sity life  and  studies  in  England. 

^  It  is  mere  matter  of  fact  that  I  possess  a  large  amount  of 
materials;  and  I  should  hope  that,  in  point  of  authorship^  a  second 
book  of  mine  might  have  a  chance  of  being  better  than  the  first ; 
which  is  not  asserting  a  great  deal. 

*  Thanks  for  your  long  letter.' 

From  A.  De  Morgan  to  Sir  W.  K.  Hamilton. 

<  7,  Gahsen-streeTi  Camdbk  Towk, 
<  August  14,  1857. 

'  I  answer  your  question  first  as  to  science  in  general ;  next,  as 
to  University  studies. 

'  1.  A  tract  on  quaternions,  brief,  of  syllabus  character,  and 
not  lengthy  in  the  elementary  parts,  would  be  a  very  desirable 
thing.  It  must  not  be  on  cones  alone,  but  may  take  that  or  any 
other  application  to  fill  out  upon. 

'  2.  For  the  Cambridge  undergraduate  such  a  thing  is  nugatory. 
The  system  there,  for  the  higher  men,  has  degenerated  into  exami- 
nation work  under  private  tutors.  An  extra  subject,  such  as 
quaternions,  would  be  quite  neglected.    And  the  Course  ia  so 
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loaded  already,  that  nothing  but  the  pressure  of  examiners  would 
induoe  the  men  to  take  a  new  subject. 

^  Further,  the  Cambridge  tendency  is  towards  physical  applica- 
tion. A  great  part  of  what  so  many  of  you  have  made  elementary 
to  the  higher  Dublin  men  is  Sanscrit  to  the  high  Wrangler  as  yet. 

^  If  a  man  were  determined  to  publish,  and  could  be  restrained 
from  making  too  large  a  tract,  keeping  only  the  very  fundamental 
in  view,  he  would  put  a  temptation  in  the  way  of  a  few  of  the 
highest  men,  which  would  in  time  produce  a  determination  on  the 
part  of  some  one  of  these  men — when  in  office — ^to  examine  in 
quaternions.  The  thing  would  then  be  done.  As  to  any  sale  at 
Cambridge,  nowy  doing  anything  perceptible  towards  paying  the 
expenses,  it  is  beyond  all  reasonable  probability. 

^  The  greater  part  of  the  independent  readers  would,  I  verily 
believe,  be  found  in  Oxford.  What  number  that  woidd  amount  to 
I  have  not  the  least  idea. 

'  But  Dublin  would  furnish  the  largest  contingent. 

'  And  now  you  have  all  I  can  say.  I  am  afraid  the  book  would 
be  a  loss  of  £  5.  (/. ;  in  every  other  point  of  view  it  is  an  excellent 
idea.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

*■  Obsebvatort,  Atiffust  14,  1857. 

*Tou  know  me  too  long  to  he  surprised  by  any  oddity  of 
manner  of  mine ;  yet  I  think  that  I  shall  surprise  you  by  an 
oddity  of  conduct ;  I  have  actually  taken,  and  acted  on,  advice  ! 

'  At  least,  I  have  abandoned  a  project,  which  for  a  day  or  two 
had  been  a  pet  one,  of  writing  something  about  quaternions,  for 
our  *'  Moderatorship  *'  men  in  T.  C.  D.  Salmon  tells  me  that  they 
have  too  much  to  do  as  it  is,  and  I  believe  him. 

*  But  Salmon  thinks  that  the  interval  between  the  ''  Moderator- 
ship,"  or  the  '^  Degree  "  Examination  here,  and  the  Examination 
for  Bishop  Law's  "  Mathematical  Prize,"  might  very  properly  be 
devoted,  in  part,  to  a  study  of  the  quaternions. 

^  Consequently,  I  do  not  abandon  the  hope  of  wn\mgBomething 
elementary y  by  which  I  mean  something  about  Sphere- Conies,  and 
Surfaces  of  the  second  order,  with  a  little  touch  at  Cubo-Conics^ 
or  the  intersection  of  a  sphere  with  cones  of  the  third  order. 

'  A  Bhort  pamphlet,  or  tract,  upon  such  subjects,  might  not 
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perhaps  cost  much  in  money ;  but  really  my  Alma  Mater  has 
behaved  so  handsomely  to  me  about  my  Book,  that  I  am  not 
inoUned  to  ask  for  any  new  book-grant. 

'For  the  immediate  object  of  preparing  Bishop  Law's  prize- 
men in  Dublin,  my  own  lectures  and  luncheons  do  ahnost  enough 
(I  lately  gave  a  course  of  oral  lectures] ;  but  as  regards  the  training 
up  of  a  new  race  of  '*  quatemionists,"  I  think  that  some  short 
^'  tract/'  or  pamphlet  of  my  own  might  be  important. 

'  August  17. — This  note  has  been  lying  by  me  for  some  days, 
and  yours  has  reached  me  in  the  interval.  Your  remarks  appear 
to  be  very  just,  and  at  all  events  that  whim  of  mine  has  passed 
away  for  the  present.  I  am  not  at  all  impatient  for  early  atten- 
tion to  the  quaternions ;  but  shall  perhaps  go  on  to  collect  examples 
of  work  in  that  calculus,  so  as  to  have  them  readp  for  the  time, 
which  (according  to  my  expectations  or  hopes)  is  sure  to  comey 
when  a  certain  class  of  students  will  desire  to  possess  them. 
Meanwhile  I  have  written  a  whole  lot  of  letters  to  Salmon  on  the 
subject,  and  the  enclosed  note  (which  I  wish  you  to  return)  will 
show  that  he  has  already  so  far  learned  the  principles  of  the  qua- 
ternion calculus  as  to  be  able  to  work /br  himself.  And  in  several 
other  instances  in  Dublin  I  have  found  my  methods  to  be  communis 
table. 

*  P.  8. — We  are  very  busy  in  Dublin  about  the  approaching 
visit  of  the  British  Association ;  but  I  believe  that  f/ou  really 
despise  the  whole  thing  as  much  as  the  Times  used  to  affect  to  do.' 

lyom  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Cakden-stsekt,  Caksbn  Towv, 
'  August  2ly  1867. 

'  I  do  not  despise  the  British  Association.  It  is  useful  in  its 
way,  and  is  pleasant  to  people  who  like  travelling.  There  used  to 
be  ferocious  interlaudation,  but  I  think  that  habit  has  subsided  a 
little.  If  I  have  never  been  at  one  of  their  meetings,  I  have  also 
never  been  at  a  meeting  of  the  Royal  Society.  Never  once  in  my 
life.  I  have,  in  fact,  no  ideas  or  sympathies  in  common  with  the 
physical  philosopher.  He  must  be  more  of  a  psychologist  before  I 
can  tolerate  him.    The  astronomer  and  I  get  along  well  enough. 

We  start  together  at  -^.     I  found  out  that  the  physician  and  I 
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were  two,  long  before  I  knew  why.  The  British  Association  pro- 
mised us  all  kinds  of  Reports  upon  the  history  of  science ;  but  they 
have  not  done  much.  It  is  easier  to  collect  people  to  hear  and  tell 
some  new  thing  than  to  set  them  quietly  at  work  over  old  books. 

*  Howeyer,  it  does  good — ^makes  people  acquainted  with  science 
in  places  which  might  become  torpid — which  is  politic,  though  the 
method  is  rather  Folito-ic>*  if  you  understand  such  a  pun.  But  the 
great  objection  with  me  is  the  travelling^  which  I  never  do  except 
under  very  high  pressure.  I  consider  I  had  my  share  of  it  in  my 
nurse's  arms,  in  which  I  began  life  with  a  journey  of  11,000  miles, 
crossed  the  line  twice,  and  knew  nothing  about  it  all — Heaven  be 
praised.' 

From  the  Same  to  the  Same. 

*  7,  Camden-stheet,  Cajcden  Toww, 
'November  15,  1867. 

*  Your  tractf  received,  and  many  thanks,  and  I  will  read  same. 
Do  you  know  the  following  ?  If  not,  I  suspect  any  proof  but  one 
will  be  rather  complicated.  Euclid  says  that  two  straight  lines 
cannot  inclose  a  space.  What  are  the  classes  of  curves  which,  by 
the  nature  of  things,  cannot  do  this  P    One  answer  is  this : — Let 

be  a  function  for  which  ^{Zy  y)  and  t/^(ir,  y)  never  become  infinite, 
either  of  them,  for  any  finite  values  of  x  and  y.    Then 

0(a?,y)=O,    ^(a?,y)  =  0 

are  two  such  curves. 

^  Perhaps  they  do  not  include  all  such  curves  : 

/«  =  (jt>  +  ^  -y/- 1)  2  +  r  +  « -v/- 1 

only  gives  perpendicular  straight  lines. 

^  I  shall  send  you,  to-moirow,  my  answers  to  Lord  Overstone's 
questions. 


*  Referring  to  Polito,  the  menagerie-keeper* 

t  Probably  Sir  W.  R.  H.'s  Paper  in  the  Philosophical  Magazine  of  Novem- 
ber, 1857,  on  Multiple  and  Definite  Integrals* 
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*  I  have  got  only  an  odd  scrap  of  paper,  but  I  do  not  know 
how  it  is  to  be  filled,  having  no  news  of  any  kind.  I  don't  want 
disoount,  and  so  am  personally  unoonoemed  in  the  bank  question. 
I  have  lost  no  friends  in  any  mysterious  way,  and  so  have  no 
direot  interest  in  the  carpet  bag  *  My  share  in  the  horrors  of 
India  is  limited  to  two  young  and  remote  cousins  whom  I  never 
saw.  So  public  affairs  are  but  public  with  me.  I  hope  they  are 
the  same  with  you.' 

[On  the  16th  November  Hamilton  enters  on  a  fytte  of  this 
correspondence  which  passes  far  on  into  1858.  It  was  suggested 
by  his  communication  to  De  Morgan  of  his  Paper  on  Multiple  and 
Definite  Integrals,  published  in  the  November  number  of  the 
PhiloBophical  Magazine.  The  results  of  that  Paper  are  in  these 
letters  largely  extended.  I  shall  here  set  down,  in  Hamilton's 
words,  what  appear  to  be  the  leading  propositions,  and  I  shall  add 
extracts  from  incidental  discussions  by  both  correspondents  on 
convergent  and  divergent  series,  on  the  proof  that  every  equation 
has  a  root,  on  the  transition  from  double  algebra  to  quaternions, 
and  a  few  other  matters  mathematical  and  non-mathematicaL] 

*  December  4,  1857. — Theorem  respecting  Definite  Integrals, 
and  Transformation  of  Series : — 

*  Theorem  (A) : — **  If  we  have  the  two  developments,  ascend- 
ing and  descending, 

xf/x^ao-  ttxX  +  a^  -  Ac,  (1) 

yfix  =  hix'^  -  h^-^  +  6sar»  -  &c.,  (2) 

for  any  one  function  ^l^x  algebraical  or  transcendental ;  and  if  the 
following  third  series, 

y5;  =  a._«.<+____  +  &o..  (3) 

can  be  summed  so  as  to  give  a  function  of  t  which  is  real,  finite, 
and  continuous,  with  its  differential  co-efficients  of  all  orders  from 
^  =  0  to  ^  =  00 ,  and  which  vanishes,  with  all  those  oo-effioients,  at 
this  last  limit,  ^  =  oo  :  then 


-\:< 


dt\    ft."  (A)     (4) 


*  An  allusion  to  a  mysterious  murder  of  that  day. 
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Theorem  (B)  :— "  If  there  be  a  function  ft^  satisfying  the 
conditions  of  Theorem  (A),  and  developable,  as  in  that  theorem,  in 
a  series  of  the  form  (3) ;  and  if  after  deducing  from  it  the  con- 
nected series  (1)  for  another  function  -^x^  we  can  develop  the  latter 
function  in  a  series  of  the  form  (2) ;  if  also  we  write,  for  abridg- 
ment 

'^"'"  1.2.3...(n-l)  "  1.2.3...(n-2)  ""  ^^'^         ^^^ 
icith  excliMwn  of  all  negative  powers  of  t :  then 

'December  22,1857.— Theorem (C):— "If/if  and x^/^ (although 
not  necessarily  the  factor  \t  itself)  be  functions  of  ty  which  remain 
finite,  real,  and  continuous,  while  t  varies  from  0  to  oo ,  but  which 
vanish  with  their  differential  co-efficients  of  all  (positive)  orders 
at  the  limit  t=^co\  then 

x{xj^  ^K{x^jrft^K{x^JY\x^.ft); 

where  [x  +  J)'^  is  interpreted  as  a?"*  -  x''^J-\-  sr^tP  -  &c. ;  and  e/",  K 
denote,  respectively,  the  two  symbols  of  operation. 


J=[    dt,K^[    dtr 


'December  23,  1857.  ...  *  Hence  it  appears  to  me  not  too  bold 
to  enunciate  the  following  theorem  : — 


*  In  the  list  of  the  Papers  to  be  read  on  December,  14,  1867,  contained  in 
the  notice-paper  of  the  Royal  Irish  Academy,  the  third  item  is — *  Sir  W.  R.  H., 
LL.D.,  ''  On  two  general  Theorems  respecting  an  eztensiye  class  of  Definite 
Integrals." '  These  Theorems  were  the  above  Theorems  (A)  and  (B).  By  a 
letter  of  this  Correspondence,  from  Hamilton,  dated  December  15,  it  appears 
that  he  failed  to  be  present  at  the  Meeting  of  the  14th.  He  adds,  *  However, 
Charles  Graves  [then  Secretary  of  the  R.  I.  A.]  had  "  saved  date  "  for  me  by 
reading  an  extract  from  a  letter  to  himself.'  The  Proceedings  of  the  R.  I.  A. 
contain  no  record  of  this  communication.  They  record  that  he  had  given  an 
account  of  his  researches  on  the  subject  on  the  9th  of  November,  1857,  and  that 
subsequently,  on  January  11,  1858,  he  read  a  Paper  *on  some  General  Theorems 
in  the  Calculus  of  Definite  Integrals,'  but  it  appears  that  the  Paper  was  not 
printed. 
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*  Theorem  (D)  : — "  If  yi^  be  a  function  of  the  real  variable  t^ 
whioh  remains  finite,  real,  and  continuous,  with  all  its  differential 
co*efficients  of  positive  orders,  while  t  varies  between  two  given 
real  limits  a  and  b  (where  b  may  be  supposed  >  a),  and  which 
vanishes  with  all  those  differential  co-efficients  at  the  latter  limit  b ; 
if  also  we  find  tliat  the  ascending  series, 

xf^  =/a  +  (ar  -  a)  fa  +  (a?  -  «)'/'«  +  &c.  (1) 

can  be  definitely  transformed  into  a  descending  series  of  the  form 

xfa  -  61  (a?  -  a)'^  -  63  (j?  -  fl)"'  +  h{x-  a)-^  -  &c.,  (2) 

by  recognised  principles  of  analysis,  we  may  then  expect  to  find 
that  the  co-efficient  6»  is  equal  to  the  following  definite  integral : 


■J/' (!',*)""'■« 


lim 


'^  dt  ]  ftr  (3) 


^  I  can  assign,  in  like  manner,  a  Theorem  (E),  which  shall  be 
an  analogous  extension  of  my  former  Theorem  (B).  You  received, 
I  hope,  a  copy  of  Theorem  (C),  which  aho  I  may  be  able  to  extend 
to  the  case  of  two  arbitrary  limits  of  integration,^ 

^January  8,  1858. — I  want  to  tell  you  of  a  Theorem  (E),  not 
perhaps  perfectly  proved  as  yet,  but  of  the  correctness  of  which  I 
feel  pretty  confident ;  and  which  substantially  includes  my  former 
theorems,  and  others. 

^  Theorem  (E). — ''  Let  a,  by  and  ao,  ai,  Oi,  .  .  .  be  constants, 
whereof  only  b  shall  be  permitted  to  become  infinite,  positively  or 
negatively.     Suppose  also  that 

^  /        N         [x-af        [x"a\^        ^ 

fj:  =  ao-ai(X''a)-['ai        9   ^^1    2    3^ 

is  a  function  such  that  it  tends  to  0,  with  all  its  derived  functions, 
f'x  =    a«  -  <i,  (a?  -  a)  +   &c., 

when  X  being  i       '    v  1    >  { tends  to  become  »  b. 
°  (or<flf,  Dut>6,) 
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Then  the  quotient 


«.^^_^«.___  _ .. 

JiQl*    S3       — 

aQ-ax{x-a)  ■\-<h{x- ay  -  .. 

tends  to  become  =  1,  when  x  tends  as  before  to  i." 
Or,  "  11  fb  ^fb  =/"*  =  ••  =  0,  then  Fb  =  1." 

'  I  may  shortly  send  examples.  So  far  as  I  have  observedy  the 
numerator  of  2%  is  a  converging  series,  and  the  denominator  is  a 
diverging  one ;  and  perhaps  this  is  necessary.* 

[The  letters  from  which  the  above  theorems  are  extracted  are 
very  numerous,  and  contain  a  very  large  amount  of  mathematical 
work,  culminating  in  two  enormous  letters  devoted  to  the  subject 
of  Definite  Integrals.  The  first  of  these  letters  bears  as  its  initial 
date  Feb.  15,  1858,  and  extends  to  seventy-two  folio  pages,  the 
last  page  being  dated  May  22.  The  second  letter  is  dated  on  the 
first  page  July  15,  on  the  last  page  August  19.*  It  extends  to 
twenty-four  folio  pages.  The  treatment  of  the  subject  contained 
in  them  is  concluded  in  a  letter  of  Hamilton's,  bearing  the  two 
dates  of  December  8,  1858,  and  January  3,  1859. 

I  now  proceed  to  give  additional  extracts  from  the  correspon- 
dence of  this  period.] 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

<  7,  Camden-stbsst,  Camden  Town, 
*  November  20,  1857. 

^  .  .  I  am  reading  your  definite  integrals,  with  the  additional 
matter  in  your  notes.  Your  remarks  on  the  Gauchy  and  principal 
values  remind  me  of  a  proof  I  have  by  me,  but  have  not  looked 
at  for  years,  of  the  truth  of  Cauohy's  principal  value.  Till  I  got 
that  proof,  I  never  admitted  his  right  to  pick  out  his  principal 
value. 

*  It  may  be  mentioned  that  the  last  fonr  pages  of  this  letter  consist  of  a 
€omparatiye  view  of  Hamilton's  resnlts,  and  those  published  by  Professor 
G.  G.  Stokes,  in  the  Paper  to  which  reference  is  made  in  Hamilton's  letter  of 
November  23. 

VOL.  III.  2  M 
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<  My  proof  of  the  curveB  which  do  not  inclose  space  is  so  yeiy 
simple  that  no  one  could  miss  it  who  came  near  the  ground.  It 
forms  a  pendent  to  a  method  I  have  lately  found  of  proving  that 
every  equation  has  a  root,  which  is  so  elementary  that  it  must  be 
the  proof  in  future.  I  will  send  it  when  the  Paper  appears,*  or 
before,  if  I  have  leisure  for  writing  it  out.  It  does  not  depend  at 
all  upon  the  differential  calculus,  or  on  anything  but  pure  con- 
tinuity. 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

*  Obsebyatobt,  November  23,  1867. 

*  I  am  very  glad  to  hear  that  you  think  you  have  discovered 
the  proof  of  the  general  existence  of  a  root  of  an  algebraical  equa- 
tion. Notwithstanding  all  that  had  been  done  by  others,  it  was 
(for  perfect  repose  to  the  mind)  a  thing  still  to  be  sought  for. 
iPerhaps  Cauchy's  proof  came  nearest  to  satisfying  me,  of  any 
which  I  have  tried  to  examine.  But  even  Mourey's  method,  with 
some  correction  of  details,  was  not  (I  thought)  a  total  failure.  You 
understand,  therefore,  that  I  am  not  asserting  (or  admitting)  the 
iusufficiency  of  all  known  proofs,  when  I  say  that  I  look  forward 
with  much  interest  to  the  communication  of  some  new  and  simple 
proof  by  you. 

*  Still,  as  I  am  not  at  that  subject  just  at  present,  it  may  be 
only  honest,  although  it  is  a  self-denying  ordinance,  to  suggest  to 
you  not  to  waste  (or  spend)  even  half  an  hour  of  your  truly  valu- 
able time  in  writing  out  an  account  of  your  method /or  me.  Send 
it  when  printed  (and  if  two  copies,  so  much  the  better — perhaps  I 
may  have  some  payment  in  kind  to  make  to  you),  and  then  I  really 
expect  to  consider  it,  and  hope  to  profit  by  it. 

'  But  write,  by  all  means,  on  that  or  any  other  subject,  if  you 
find  yourself  in  a  mood  to  do  so.  I  sometimes  send  you  written 
things,  without  at  all  expecting  or  much  hoping  that  you  will  read 


*  It  was  publiBhed  in  the  TranMcOons  of  the  Camhi-idge  Philosophical 
Society,  vol.  X.,  part  i.,  pp.  261,  and  following.  Read,  December  7,  1857. 
Date  at  end,  December  18,  1857.  See,  for  condensed  ^report,  Philosophical 
Magazine  for  September,  1858,  pp.  232-3.  Professor  Airy,  following  up  this 
Paper  of  Professor  De  Morgan,  contributed  to  a  subsequent  number  of  the 
Cambridge  Philosophical  Transactions  a  proof  of  hie  own  that  every  equation 
has  a  root. 
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them  soon,  and  perhaps  chieflj  for  the  purpose  of  clearing  my  own 
thoaghtSy  although  partly  for  the  pleasure  of  corresponding. 
Your  thoughts,  however,  are  always  so  clear,  to  your  own  mind  at 
least  (though  the  suhject  may  cause  delay  in  other  people  finding 
them  to  be  so),  that  you  can  never  require  to  assist  yourself  in  that 
way,  which  to  me  is  occasionally  useful. 

*  Professor  Stokes  has  recently  sent  me,  at  my  request  conveyed 
through  Dr  Bobinson  (whose  daughter  Stokes  has  married),  a 
second  copy  of  his  Paper  (printed  in  the  Cambridge  Philosophical 
Transactions  for  1850),  ^'  on  the  Numerical  Calculation  of  a  Glass 
of  Definite  Integrals  and  Infinite  Series  " ;  the  copy  which  he 
sent  me  some  years  ago  having  been  mislaid,  and  so  merely  glanced 
at,  when  received,  that  I  just  remembered  the  author's  referring, 
in  a  note,  to  my  own  Essay  on  Fluctuating  Functions.  I  regret 
that  I  did  not  receive  the  duplicate  in  time  to  cite  Stokes's  Paper 
in  my  own  little  communication,  for  I  could  not  venture  to  do  so 
from  memory ;  but  there  will  be  other  opportunities.  However, 
I  only  observe  an  affinity ^  and  not  as  yet  any  anticipation. 

*  In  my  equation  (26)  [of  Paper  in  Philosophical  Magazine  of 
November,  on  Definite  Integrals],  I  wish  you  to  insert  with  a  pen, 
in  line  2  of  page  7  of  your  private  copy,  under  sin  S&^  49'  52",  the 
factor  2  before  v/207r.  Tou  will  find  that  its  omission  was  a  mere 
mistranscription  (I  scarcely  venture  to  call  it  a  misprint y  so  accurate 
are  they  in  Taylor's  printing  office),  and  that  it  has  not  at  all 
affected  the  arithmetical  results.  Any  remarks  of  yours  on  my 
Paper  will  be  interesting  and  instructive  to  me.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Camden-btkeet,  Camden  Town, 
'November  21,  1857. 

*  I  am  entirely  of  your  mind.  Sitting  down  to  write  with  a 
purpose,  whether  a  letter  to  a  friend  or  a  tract  for  one's  pupils,  is  a 
process  which  clears  the  head  of  confusion,  and  often  puts  better 
things  into  it.  I  never  knew  till  to-day — or  if  it  be  a  common 
thing  I  always  passed  it  over — ^that  evet^  convex  spherical  polygon 
has  its  sup2)lem€ntal  polygon,  so  that  all  the  angles  of  either  are 
supplements  of  the  sides  of  the  other.  The  triangle  is  common, 
but  the  general  case,  though  obvious  enough,  is  never  mentioned. 

2H2 
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*  Tour  mention  of  Mourey^s  proof — ^whioh  I  had  forgotten  the 
existence  of — ^made  me  look  at  it  again,  and  I  find  no  affinity  with 
mine,  which  is  of  the  Cauohy  family,  and  would  have  struok 
Cauohy,  if  he  had  lived,  I  suppose.  Unless  indeed,  which  may  be 
true,  it  is  to  be  taken  that  if  a  man  does  not  see  a  very  fundamental 
point  in  his  own  subject  before  he  is  well  stiffened  in  it,  he  never 
sees  it.  My  proof  is  so  easy  that  there  is  no  trouble  in  writing  it 
out.  Curiously  enough,  it  proves  that  every  equation  has  a  root 
at  leasty  and  leaves  it  to  the  applicant  to  cut  down  the  number  by 
Cauchy's  theorem  .  •  . 

[Same  date,  later.] — *  I  have  been  looking  at  Mourey's  proof 
to-day,  t.  e.  of  the  existence  of  the  root  of  an  equation.  It  is  per- 
fectly sound,  and  is,  I  feel  sure,  the  double  algebra  proof.  But  it 
wants  a  little  inteUigibUzation  to  suit  it  to  modern  notions.  I  never 
did  more  than  glance  at  it ;  but  I  now  see  I  wanted,  what  I  have 
been  doing  lately,  to  get  it  glanced  into  me.  I  shall  get  it  into  my 
Paper  on  the  subject. 

'  I  have  never  been  able  to  get  Argand,  who  you  say  was  the 
lamp  of  the  subject.  The  number  of  independent  arrivers  at  part 
or  whole  of  double  algebra — ^the  tacking  on  of  the  exponents 
excepted,  which  I  cannot  find  myself  anticipated  in — is  very  large. 
Airy  told  me  twenty-five  years  ago  that  he  had  made  y^- 1  stand 
upright  for  himself  when  an  undergraduate. 

'  Herschel  writes  me — "  What  is  the  best  preparation  for,  and 
resolution  of,  the  discord  of  the  compound  sharp  sixth?"  To 
which  he  makes  his  own  answer,  *.  e. — "  The  best  preparation  is  to 
8t«)p  your  ears  before  you  strike  it,  and  the  best  resolution  is  never 
to  do  such  a  thing  again.^ 


9i  9 


From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*  Observatory,  Novetnber  28,  1857. 

[After  correcting  some  slips  of  the  pen  in  a  letter  of  Nov.  16, 
he  proceeds :] — '  I  make  no  scruple  of  inserting  pen  and  ink  oorreo- 
tions  in  books  which  have  been  given  to  me,  or  which  I  have 
purchased :  for  instance,  here  and  there  in  your  Differential  and 
Integral  Calculus^  although  it  is  evident  that  you  took  great  pains 
to  avoid  mistakes  of  the  press.  Was  there  ef>er  a  mathematical  book 
printed  which  was  absolutely^r^^  from  such  errors  P  I  rarely  turn 
over  the  pages  of  any  book  without  my  eye  (which  you  know  has 
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had  long  training  in  such  things)  detecting  %ome  misprint ...  I  do 
not  remember  perceiving  any  misprint  in  your  answers  to  Lord 
Overstone's  questions  [on  the  Decimal  Coinage] :  and  as  a  general 
rule  I  admit  that  you  are  very  careful  and  correct.  Some  authors 
are  quite  the  contrary.  Ivory  complained  to  me  that  he  could  not 
read  the  first  Paper  of  Lubbock's  on  physical  astronomy  in  the 
Philosophical  Transactions  on  account  of  the  bad  printing  of  the 
equations ;  and  I  fully  sympathised  with  him. 

*  P.  S. — I  did  not  receive  a  single  proof-sheet  of  my  "  Letters 
to  a  Lady,"  printed  in  Nichol's  Cychpcedia^  and  therefore  wash 
my  hands  of  all  t?mr  errors.' 

*  December  3. — It  has  been  very  pleasant  and  (I  hope)  useful  to 
myself,  to  work  a  little  at  Definite  Integrals  lately ;  and  even  if 
the  results  to  which  I  have  arrived  shall  turn  out  to  contain 
nothing  new,  although,  I  own,  this  seems  to  me  unlikely,  I  am  not 
going  to  sit  down  in  a  comer  with  my  finger  in  my  eye.  .  .  .  My 
results  seem  to  point  out  some  new  methods  for  transformation  of 
series^  from  ascending  to  descending  powers,  or  vice  versa^  in  con- 
nexion with  definite  integrals.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Gamden-street,  Camden  Town, 
^December  6,  1867. 

* . . .  Have  you  ^o< Argand's  tract  (1806),  or  can  you  borrow  it  for 
me  P  Airy  has  lent  me  an  old  paper  of  his  (MS.)  written  when  he 
was  a  Freshman  in  1820.  He  has  y^- 1  (±)"  well  explained.  But 
though  he  knew  nothing  of  Argand  or  Bu^e  (1806,  1815),  he  is 
more  of  1815  than  of  1806.  There  is  an  epidemic  in  the  air  about 
mathematical  thoughts.' 

^December  11  ...  I  have  been  so  busy  this  last  week  that  I 
have  not  been  able  to  do  more  than  glance  at  your  letter.  All  is 
new  to  me.  But  I  have  not  been  a  reader  of  modem  things  for  a 
long  time.  .  .  .  Tours  in  all  haste.  (You  wrote  "  yours  in  haste," 
therefore  I  am  as  much  before  you  as  the  Archbishop  of  Canter- 
bury is  before  the  Archbishop  of  York.  This  does  not  look  like 
haste;  but  a  conceit  is  a  legitimate  stoppage  anywhere  and 
anyhow).* 
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From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obseryitobt,  December  18,  1857. 

'  Stokes  tells  me  that  he  thinks  the  integrals  in  my  last  Paper 
are  all  unlikely  to  have  been  anticipated,  exoept  perhaps  the  very 
easy  one, 


J 


which  I  despatched  (as  you  may  have  seen)  in  a  couple  of  lines. 
He  has  not  yet  been  informed  of  my  Theorems  A  and  B.  I  am 
just  posting  to  C.  Graves  my  Fifth  and  Sixth  Examples,  each 
involving  a  group  of  results — ^in  this  instance  easily  verified. 
They  shall  soon  be  forwarded  to  you.' 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Cakden-stbeet,  Camden  Towk, 
<  December  19,  1857. 

'  I  have  found  time  at  last  to  read  your  last  letters,  which  were 
a  memoir  in  themselves.  I  have  no  doubt  it  is  new.  I  have  been 
before  now  smelling  at  the  components  of  your  theorem,  by  the 
calculus  of  operations,  as  a  dog  smells  at  something  to  see  if  it  be 
good  to  eat ;  but  I  never  got  more  than  crude  and  uncooked  forms. 
.  .  .  This  is  the  symbolical  foimdation  of  your  theorem,  but  it  is 
useless  without  the  limitations  which  you  seem  to  have  found.  .  .  . 
I  have  no  doubt  you  have  got  hold  of  the  right  end  of  the  thing.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

*  Obsebvatort,  December  14,  1857. 

'  I  warn  you  that  this  letter  will  relate,  chiefly  or  wholly,  to 
what  seems  to  me  a  natural  mode  of  transition  from  Argand's 
method  to  my  own,  or  from  Double  to  Quadruple  Algebra:  so 
that  if  you  do  not  choose  at  present  to  read  anything  bearing  on 
the  Quaternions,  you  can  lay  the  sheet  aside.  But  if  you  should 
ever  resume  a  half- formed  intention  which  you  once  expressed  to 
me,  of  at  some  time  or  other  giving  a  few  lectures  on  the  last- 
named  subject,  I  think  that  the  following  remarks  might  then  be 
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not  without  utility.  For  my  own  part,  when  I  attempt,  as  I  some- 
times do  (not  every  year,  but  in  the  last  spring,  for  example),  to 
teach  quaternions  in  Dublin,  I  regret  not  to  find  my  hearers  already 
familiar  with  Double  Algebra,  which  seems  to  be  little  cultiyated 
here.  To  be  sure,  I  have  thus  a  more  open  field  to  move  in ;  more 
of  a  tabula  rasa^  whereon  to  inscribe  my  own  speculations ;  but  in 
point  of  historical  fact  and  progress,  I  was  fny«€^^  familiar  with 
Double  Algebra,  known  to  me  at  that  time  chiefiy  through 
Warren's  book,  before  I  thought  of  the  quaternions ;  and  both 
John  Ghraves  and  I  had  for  years  been  seeking  for  some  extension  of 
what  we  regarded  as  Warren's  method,  from  lines  in  a  plane  to 
lines  in  space.  And  though  I  do  not  remember  that  so  simple  a 
transition  ever  occurred  to  me,  during  that  search,  as  the  one  which 
I  am  about  to  mention,  yet  you  will  (I  think)  admit,  if  you  read 
this  letter,  that  it  might  have  done  so ;  and  that  a  pupil  of  Argand 
or  of  Warren,  or  Mourey,  or  yourself,  ought  to  find  no  diflGiculty  in 
following  it ;  but  should  rather  feel  surprise  at  its  not  having  been 
thought  of  before,  if  such  shall  be  found  to  be  the  fact. 

^  I  regret  to  say  that  I  have  never  seen  a  copy  of  Argand's 
publication  of  1806,  for  which  I  would  cheerfully  pay  more  than 
for  many  a  modem  book  ;  but  John  Gbaves,  who  is  a  great 
collector,  has,  in  his  fine  library  at  Cheltenham,  a  set  of  Gergonne's 
Annales  de  Mathimatiques^  and  he  has  assured  me  that  he  considers 
me  not  to  have  in  the  least  degree  overstated  Argand's  claims,  in 
the  Notes  to  the  Preface  to  my  Lectures.  Indeed,  through  delicacy 
to  a  then  living  analyst,  I  said  less  on  that  point  than  I  might 
have  done ;  for  I  am  pretty  certain  that  it  was  from  Argand  that 
Cauohy  took,  without  acknowledgment,  the  now  universally  received 
term  ^^ modulus^'  (module],  of  an  imaginary  expression,  such  as 
a  +  v^- 1  J ;  at  all  events  that  term,  with  its  present  meaning, 
as  =  -v/(a'  +  6*),  occurs  in  an  early  Paper  by  Argand  in  the 
Annales  just  now  referred  to,  published  (I  think)  not  later  than 
the  year  1814,  but  at  all  events  about  that  time ;  and  if  Cauchy 
had  seen  that  Paper,  it  was  scarcely  candid  of  him  not  to  mention 
it  when  he  adapted  the  term  in  his  Cours  d^ Analyse  (Paris,  1821 — 
by  the  way,  I  don't  see  the  word  "Paris"  printed),  page  183, 
with  barely  a  "ce  qu'on  appelle,"  not  likely  to  catch  the  notice  of  a 
reader.  His  passage  is  as  follows,  for  you  may  not  have  the  book 
at  hand : — "  Lorsque  I'expression  imaginaire  a  +  j3  v/- 1  se  trouve 
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ramen^  k  la  forme  p  (oob  0  -f  v^~  1  sin  0),  la  quantity  positiye  /» 
est  oe  qu'on  appelle  le  module  de  oette  expression  imaginaire ;  et 
oe  qui  reste  aprds  la  suppression  du  module,  o'est-&-dire,  le  facteur 
cos  0  +  v^-1  sin  0,  est  oe  que  nous  nommerons  Texpremon  reduite^ 
These  answer,  be  it  said,  to  the  Un%OT  and  vetBor  of  a  quaternion  : 
but  please  to  contrast  the  two  phrases  whioh  I  have  underdotted — 
the  **  qu'on  appelle"  with  the  "  que  nous  nommerons" — and  tell 
me,  or  at  least  consider  for  yourself,  whether  beneath  this  difference 
of  language  there  does  not  lurk  a  half'confemon  of  an  unstated 
anticipation. 

*  Without  here  inquiring  to  what  extent  Argand  had  himself 
been  anticipated  as  regards  the  rule  oi  Addition  of  Lines — although 
I  believe  him  to  have  been  the  first  who  clearly  saw  and  decisively 
expressed  the  rule  that  AB  +  BC  =  AC^  and  generally  that 
AB  +  BC+  CD+  .  .  .  KL=^AL—I  take  it  that  he  is  the  first  and 
undisputed  discoverer  of  what  he  calls  his  fundamental  principle 
(principe  fondamental),  respecting  Proportion  of  directed  lines 
icithin  one  plane  :  namely,  that  such  proportion  involves,  and  so  far 
as  directions  are  concerned  depends  upon,  a  certain  equality  of 
angles^  attention  being  paid  to  the  sign  or  sense  of  each  angle,  or  to 
the  direction  in  which  the  rotation  is  performed.  Pupils  of  yours 
know  well  the  value  of  these  two  principles,  respecting  Addition 
and  Proportion  of  LineSy  at  least  within  one  plane ;  and  having 
indulged  myself  by  renewing,  as  above,  my  little  protest  in  favour 
of  Argand,  I  have  no  objection  now  to  speak  of  them  as  prinoiples 
of  Double  Algebra^  the  extension  of  which  to  space  is  the  thing  next 
to  be  considered. 

*•  In  double  algebra  we  assume  an  unit  of  lengthy  and  also  ttco 
rectangular  directions^  as  those  of  + 1  and  of  +  y^-l ;  in  the 
extended  system  sought,  which  it  is  natural  to  suppose  will  be  a 
triple  one,  we  cannot  select  any  one  line  in  space  as  having  the 
direction  of  positive  unity ;  because  no  line  is  common  to  allplanes^ 
even  if  these  be  drawn  through  one  common  pointy  or  origin.  We 
may,  however,  still  assume  a  certain  length  as  the  unit,  or  standard 
of  length ;  and  a  certain  direction  ofrotation^  right-handed  or  left- 
handed,  as  the  standard  rotation,  by  agreement  or  disagreement  with 
which  any  other  rotation,  round  any  axis  in  space,  shall  be  judged 
to  be  positive  or  negative.  The  simplest  way  of  doing  all  this 
may  be  to  assume  three  coinitial  edges  of  an  unit^ube  or  throe 
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rectangular  umt-linea  from  one  oommon  origin,  suoh  as  ijk  or  x^Zy 
with  A  fixed  order  of  mccemoriy  and  call  the  rotation  round  the  Ist, 
from  the  2nd  to  the  3rd,  positive. 

*  From  the  want  of  a  fixed  line  representing  + 1,  we  cannot 
immediately  construct,  as  in  double  algebra,  the  produot  of  two  lines 
in  space.  John  Ghraves  was  once  inclined  to  take,  as  a  sort  of 
travelling  unit-line^  the  intersection  of  the  plane  of  the  two  factors 
with  a  fixed  plane ;  and  I  afterwards  found  that  I  could  apply 
quaternions  to  such  a  conception ;  but  nothing  very  interesting 
came  out  of  it,  that  I  remember ;  and  generallj  in  the  extension  of 
double  algebra^  which  I  am  now  aiming  to  make,  as  if  we  knew 
nothing  about  quaternionSy  I  propose  to  select,  if  possible,  no  one 
direction^  of  plane  or  line  in  ^ace,  as  eminent  above  the  rest.  In 
short,  I  want  to  recognise  space  as  being  entirely  symmetrical. 
The  imit-cube,  with  its  three  edges  from  one  corner,  marked  as  1,. 
2,  3,  might  be  tossed  about  in  the  air,  and  would  still  serve,  in  all 
its  new  positions,  to  determine,  as  well  as  at  first,  the  only  data  of 
the  sought  system.      It  is  only  the 

ORDER  of  cyclical  succession  of  the  d  c 

three  rectangular  directions  which 
is  important,  and  not  those  direc- 
tions themselves. 

*  Conceive,  now,  that  BACD  is 
any  rectangle  in  any  plane,  and 
that  AE  is  a  line  of  any  length, 
erected  perpendicular  to  that  plane 
at  A ;  and  let  us  seek,  by  imitat- 
ing as  far  as  we  can  the  processes 
of  double  algebra,  to  interpret  the 

eapression   -^t-:  •  EC.      Since  EB 


EA 


EB  AB 

a=  EA  +  ABy  it  is  natural  to  write -=r^  - 1  +  ^rj;    ^^^ 


smoe 


AB 


EG 


=  EA  +  ACj  our  expression  becomes  EC  +  AB  +  -^^  .  AC  \ 


AB 


nrhere  EC  +  AB  ^EC-^CD^  ED:  but  the  remaining  part  -^  .  AC 

EB  AB 

of  the  transformed  expression  -=rj  .  EC  =  ED  +  j^  .  AC,  or  the 

fourth  proportional  to  three  mutually  rectangular  lines  in  space,  is  a 
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symbol  or  expresaioii  9ui  generiSy  which  Double  Algebra  wholly  f aUs 
to  interpret,  and  which,  indeed,  cannot  be  interpreted  as  denoting  any 
vector,  or  line  having  any  direction  whatever  in  tridimensional  space, 
if  we  still  resolve  to  treat  space  as  having  no  eminent  axis  of 
direction.  Accordingly,  I  showed  in  1844,  in  the  Proceedings  of 
the  Boyal  Irish  Academy,  but  better  since  in  the  Preface  to  my 
Lectures  (pages  (54)  to  (60),  paragraphs  [67]  to  [60] )  that  the  4th 
proportional  last  mentioned  ought  to  be  considered  as  a  scalar  ; 
and  that  the  conception  of  it  as  such  is  a  sufficient  basis  for  a  Theory 
of  Quaternions.  My  recent  addition  to  the  explanation  is  merely 
the  very  simple  construction  given  above  for  the  vector  part  of 
the  4th  proportional  to  the  three  lines  J^^,  EB,  EC,  under  the  con- 
ditions j  ust  now  stated.  I  see  how  to  derive  from  it  the  construction 
given  in  my  Fifth  Lecture  for  the  vector  part  of  the  quaternion, 
which  is,  in  my  system,  the  value  of  the  4th  proportional  to  any 
three  given  lines  from  one  origin,  when  those  three  lines  are  neither  in 
one  plane,  nor  rectangular  each  to  each ;  but  I  shall  not  inflict 
the  process  on  you,  although  it  has  been  quite  mentally  performed, 
unless  and  until  I  shall  be  informed  that  you,  or  some  pupil 
of  yours,  may  be  disposed  to  examine  this  method  of  transition 
from  double  to  quadruple  algebra.' 

From  the  Samb  to  the  Same. 

<  Obsbktatort,  December  22,  1857. 

'  I  asked  at  Thom's  office  in  Dublin,  yesterday,  for  the  last  Blue 
Book,  or  Parliamentary  Report,  on  the  Decimal  Coinage;  but 
they  had  not  received  it.  What  fun  there  is  in  Herschel's 
answers,  as  reported  in  the  Athenmum !  I  had  hardly  thought 
that  he  was  so  witty,  although  I  have  long  known  him  to  be  a  very 
genial  person.' 

From  the  Same  to  the  Same. 

<  Obseryatoet,  December  23,  1857. 

^  .  .  About  diverging  series,  you  know  a  great  deal  more  than 
I  do.  In  fact  you  are  aware  that  I  early  conceived  a  sort  of  pre- 
judice against  them,  in  consequence  of  some  of  Poisson's  remarks. 
Counter- remarks  of  yours  had  staggered  me,  but  had  not  been 
carefully  weighed.  At  last  (and,  I  regret  to  say  it,  without 
having  yet  found  the  Papers  by  you  and  Stokes  on  such  series,  for 
Stokes,  or  Adams  for  him,  sent  me  about  a  month  ago  a  duplicate 


Professor  Augustus  De  Morgan.  539 

of  his  memoir  on  the  numerical  oaloulation  of  the  values  of  certain 
definite  integrals,  having  a  great  affinity  to  my  last  Paper)  I  am 
become  a  convert  to  those  Divergents ;  so  far  at  least  as  to  be  satis- 
fied that  in  an  extensive  class  of  oases,  and  with  suitable  limitations, 
they  may  be  safely  and  advantageously  used.' 

*  December  28. — The  weather  is  portentously  mild  here :  new 
flowers  coming  out,  and  birds  apparently  thinking  of  building.' 

From  A.  Db  Morgan  to  Sib  W,  R.  Hamilton. 

*  7,  CAMDEir-STEBET,  CaMSEN  ToWW, 

<  January  1,  1858. 

* ...  I  go  back  to  yours  of  December  14.  I  have  been  long 
under  the  suspicion  that  triple  algebra  is  a  many-(perhaps  infinite-) 
headed  monster — including  all  kinds  of  things — quaternions  among 
the  number.  I  follow  your  explanation  haltingly,  and  am  pre- 
pared for  anything.  The  invention  of  a  symbolic  calculus  is  a 
large  step — very  different  from  playing  at  inventing  one  we  knew 
already.  I  have  been  looking  at  Argand  (in  Gergonne)  lately — 
and  I  find  that  if  Oauchy  took  anything  from  Argand,  he  took  all. 
For  Cauchy's  proof  of  the  existence  of  a  root  is  Argand's,  much 
Gomplexed,  perplexed,  retroplexed,  and  omniplexed.  But  never- 
theless I  do  not  think  Gauchy  had  really  read  Argand.  I  think  it 
likely  enough  that  the  term  modulus  was  introduced  by  more  than 
one,  and  that  Cauchy  heard  it  casually  used.  Cauchy  was  such  a 
master  of  the  symbols  that  I  think  if  he  had  been  really  pillaging 
Argand,  he  would  have  disguised  it  more.  Whereas,  a  common 
reader,  with  both  before  him,  sees  the  sameness  clearly  enough. 
Again,  Cauchy  was  a  man  who  sacrificed  everything  to  his  principles 
more  than  once  in  politics  and  bread- winning.  I  have  foimd  this 
often.  A  man  has  much  higher  principle  in  his  high  pursuits 
than  in  ordinary  life.  Witness  Newton,  Laplace,  and  a  host  of 
others.  But  I  never  found  such  a  thing  as  a  man  who  could 
sacrifice  to  principle  in  the  lower  things  being  tricky  in  the 
higher.  * 

*  Now  to  yours  of  December  23.  The  French,  when  they  began 
to  find  out  that  they  had  made  a  mess  of  analysis  with  their 

*  See  a  very  interesting  memoir  of  Gauohy,  presumably  from  the  pen  of 
Prof.  De  Morgan,  in  the  2nd  Supplementary  Volume  of  the  Penny  Cyclopadia. 
Cauchy  died  May  23,  1857. 
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generalisationB,  turned  round,  like  angry  schoolboys,  on  the  diver- 
gent series,  and  said,  it  is  all  your  fault,  you  wicked  infinites  in  a 
finite  disguise,  pretending  to  be  finites  in  an  infinite  disguise.  Of 
all  the  jobs  I  have  ever  had,  the  most  perplexing  has  been  the 
airiying  at  dear  notions  upon  this  point.  But  I  have  got  them  at 
last. 

^  The  truth  is  that  the  series  in  oommon  use  may  be  divided 
into  four  sorts  : — 

*  1.  Progressing  and  convergent,  1  +  J  +  -J-+-J^  +  ... 

*  2.  Progressing  and  divergent,     1  +  ^  +  ^  +  ^  +  ... 

*  3.  Alternating  and  convergent,  l-i  +  "J^--J-+... 
* 4:  Alternating  and  divergent,    1-2  +  3-4+.  .. 

'  1  and  2  are  generally  separated  by  the  simple  infinite,  which 
you  may  call  convergent  or  divergent.  I  am  content  to  call 
1  +  1  +  1  +  1  +  ...  convergent  in  form.  Its  arithmetical  value  c3o 
agrees  with  that  of  the  function  which  gives  it,  which  is  always  ^y 
except  as  hereafter  qualified. 

*  3  and  4  are  separated  by  the  neutral  form  1-1  +  1-1  +  .  .  . 
a  series  tending  to  it,  as  f  -  f  +  f  - 1-  +  . . . 

'  Now  the  blame,  suspicion,  and  distrust,  which  were  thrown 
upon  divergent  senes^  belong  to  progressing  series,  per  se^  whether 
converging  or  diverging.  And  alternating  series,  even  if  diverging, 
are  safer  than  progressing  series,  even  if  convergent.     In  fact, 

0  +  0  +  0  +  0+...,  even  when  the  residual  form  of  a  convergent 
series,  is  not  always  0.  But  0-0  +  0-0+...,  even  if  the  residual 
form  of  a  divergent  series,  is  0. 

*  Say  anything  you  like  of  ^  and  I  say  the  same  of  0  +  0  +  0  + . . . 

1  suspect  all  progressing  series,  except  when  I  know  the  pro- 
ducing function.  And  I  trust  all  alternating  series  even  when  I 
do  not  know  the  producing  function.    And  I  find  results  safe.' 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

*  Obse&vatobt,  January  4,  1858. 

* .  .  .  About  Cauchy  I  am  very  willing  to  receive  any  favour- 
able testimony,  or  expression  of  opinion,  since  I  admire  so  much  his 
mathematical  talents.  I  had  heard  of  his  making  sacrifices,  through 
his  devotion  to  Henri  Cinq.  Ifl  go  on  with  my  definite  integrals,  I 
must  become  better  acquainted  with  several  of  his  writings.     One 
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object  that  I  have  had  in  view,  in  taking  up  the  matter  at  all,  has 
been  to  prepare  myself  for  attempting,  though  probably  not  thia 
year,  to  do  for  definite  integrals  in  quaternions  something  like  what 
he  has  done  for  such  integrals  between  imaginary  limits  of  the 
usual  kind ;  but  I  suspect,  from  some  few  trials,  that  the  questions 
will  be  far  more  difficult,  relating  to  curves  in  space  and  to  conical 
motions  of  a  vector.  You  know  that  I  have  published  some 
investigations  by  quaternions  respeotiag  families  of  surfaces^  which 
bear  a  great  analogy  to  Monge's  researches  on  that  subject,  and 
form  (as  I  conceive)  the  germ  of  a  new  Calculus  of  Partial  DifPe- 
rentials,  with  geometrical  applications.  And  I  investigated  by 
<}uatemions,  with  reasonable  ease,  last  summer  the  (known)  class 
of  curves  in  space  for  which  the  ratio  of  the  two  curvatures  is 
-constant.  .  .  . 

'  If  I  go  on  to  write  about  the  possible  transition,  or  one  mode 
of  such,  from  Double  to  Quadruple  Algebra,  it  will  be  merely  as 
an  amusement^  and  probably  in  letters  to  John  Gbaves.  .  .  . 

^ .  .  .  I  fully  agree  with  you  about  the  great  importance  of 
what  you  call  '^  alternating  series,"  and  think  that  those  lately 
employed  by  me  have  nearly  all  been  such — certainly  all  of  which 
the  law  was  at  all  simple  ...  As  to  the  doctrine  of  series,  I  have 
little  or  no  doubt  of  your  being  right.  .  .  .  Your  remark  about 
Argand's  investigation  respecting  roots  of  equations,  which  I  never 
had  time  to  read,  reminded  me  that  I  had  said  something  hastily, 
which  might  seem  depreciating  as  regarded  Mourey's  analogous 
investigation.  I  thought  the  latter,  which  I  did  read  (in  1854), 
quite  satisfactory,  so  fax  as  concerned  the  existence  of  one  root ; 
and  that  he  ought  to  have  stopped  there,  and  referred  the  rest  to 
algebra.  But  he  went  on  to  make  the  superfluous  effort,  in  which 
I  thought  he  failed,  to  prove  all  the  n  roots  by  geometry,^ 

From  A.  Db  Morgan  to  Sib  W.  E.  Hamilton. 

^  7,  Campbn-stbeet,  Caudem  Town, 
« February  20,  1858. 

* ...  I  have  my  hands  full  of  organ-tuning  paper  and  logic* 
I  have  a  Paper  nearly  in  proof  which  winds  up  with  your  name- 
sake.    The  want  of   mathematics  has  made  the  logicians  too 

*  Papers  published  in  the  Cambridge  Philosophical  Tratisactiotu, 
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mathexnatioal :  that  is  mj  text.  The  world  at  large  will  be 
metaphysioianSy  and  always  were,  especially  the  uneducated  world. 
It  is  essential  then  that,  whether  their  metaphysical  premises  be  true 
or  false,  their  metaphysical  logic  should  be  sound.  A  great  many 
persons  who  think  they  see  that  reason  is  essential  to  the 
nature  of  man,  are  not  logicians  enough  to  avoid  inferring  that  it  is 
repugnant  to  the  nature  of  brute.  A  great  many  men  have  dear 
ideas  of  the  terms  essential^  repugnant^  independent.  But  how 
many  clearly  apprehend  the  following  proposition  P  '^  The  essen- 
tial of  a  repugnant  of  any  notion  is  independent  of  that  notion.'^ 
Here  is  the  act  of  mind  of  a  certain  syllogism  rendered  into  those 
metaphysical  terms  which  are  in  constant  use  as  indicating  modes 
of  relation  connected  with  the  rerum  natura^  whereof  it  is  of 
humanity  to  know  nothing,  and  to  talk  as  if  it  knew  something. 
Qu(Bre^  if  people  will  talk  about  the  ignota^  and /or  ignoia,  should 
they  talk  logically  or  illogicallyP  Does  it  matter?  I  think  it 
does.  People  actually  set  fire  to  each  other  about  ^*  substance  '^ 
and  "  person."  Quwre,  was  it  because  they  knew  nothing  about 
the  premises,  or  because  they  made  an  illogical  use  of  them  P 

'  Give  me  the  name  of  an  Irishman,  or  two,  who  take  interest 
in  organ-tuning  and  beats.  I  want  to  promote  a  knowledge  of 
my  plan  of  having  a  whole  octave  of  tuning-forks  tuned  by  beats, 
instead  of  going  to  work  on  every  instrument  by  ear  on  eveiy 
occasion.' 

[In  a  letter  from  De  Morgan,  dated  March  1,  1858,  he  men- 
tions ^  a  very  common  theorem '  of  which  he  gives  a  diagram, 
and  of  which  he  says  it  *  expresses  the  fact  that  Pascal's  theorem 
can  be  obtained,  for  a  circle,  by  projection^  without  projecting  the 
circle  into  anything  but  a  circle.'  He  adds,  *  If  the  point  of  view 
of  Apollonius  had  been  projection — the  cone  a  means^  not  an  end — 
he  would  have  had  Pascal's  theorem.'] 

Fiom  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

'  Obsebtatort,  March  3,  1858, 

* ...  I  think  that  when  I  was  hunting  years  ago  for  things 
about  Argand  and  Fran9ais  in  Gergonne's  AnnaleSy  I  met  some 
very  short  proof  of  Pascal's  theorem,  in  which  Pascal's  line  was. 
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as  in  your  figure,  thrown  ofi  to  infinity ;  but  the  circumscriber  of 
the  hexagon  was  a  circle  ...  In  the  notation  of  Moebius  (Bary- 
oentric  Calculus)  your  form  of  a  case  of  the  theorem  of  Pascal 
would  be  thus  proved  .  .  .  March  4. — Do  you  know  much  about 
Moebius  and  his  works  P  I  wish  that  I  knew  more,  but  I  da 
know  something  of  him  and  them.  He  seems  to  be  a  charming 
fellow,  in  his  personal  character,  not  that  I  know  any  gossiping 
details  about  it.  He  wrote  to  me,  a  couple  of  years  ago,  and  told 
me  that  he  had  been  lecturing  on  my  theory  of  the  circular  hodo- 
graph,  to  which  he  might,  very  plausibly,  have  put  in  a  sort  of 
claim,  or  at  least  a  claim  to  the  general  conception  of  the  hodograph; 
as  I  admit  from  a  subsequent  perusal  of  his  Mechanik  des  Himmeh^ 
to  which  very  clear  and  interesting  work  he  had  the  modesty  not  to 
allude.  But  anything  like  my  "  theorem  of  hodographic  isochron- 
ism,''  designed  to  replace  Lambert's  theorem,  which  has  not  long 
since  been  discussed  and  proved  by  more  than  one  eminent  English 
mathematician  (my  own  proof  remaining  still  unpublished),  does 
not  seem  to  have  occurred  to  Moebius ;  and  in  fact,  he  makes  no 
claim  at  ally  against  me^  though  I  think  that  he  plausibly  might. 
So  the  world  of  geometers  (in  the  French  sense)  is  not  entirely 
composed  of  people  "  seeking  their  own.' 
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From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

'  7,  Cahden-stbeet,  Camden  Towir, 
'  March  1y  1858. 

*  The  ill-used  theory  of  projection,  the  original  Apollonian 
method — though  Apollonius  thought  of  the  cone  more  as  an  end 
than  a  means — is  by  far  the  simplest  mode  of  bringing  the  conic 
sections  before  a  beginner,  and  the  clearest. 

*  And  projective  properties  are  by  far  the  easiest  and  most 
powerful  transformations  in  existence. 

*  And  Pascal's  theorem  is  the  fundamental  instrument — I  moan, 
ought  to  be — of  examination  of  conic  sections.  For  nothing  con- 
nected with  a  curve  can  be  more  fundamental  than  the  law  under 
-which  we  pass  from  a  determinant  number  of  points  to  the  rest. 

*  Now  to  get  Pascal's  theorem,  for  the  circle,  easily,  and  by 
help  of  projections.  .  .  . 
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*  Henoe  Pascal  is  fully  established.  A  few  propositions  of  very 
easy  deduction  start  the  beginner  with  Pascal's  theorem,  and  the 
whole  theory  of  polar  lines.  If  ever  I  should  write  a  geometry, 
I  should  make  wonderfully  short  work  of  the  whole   system. 

Pascal's  theorem  gives  the  — ,  ±  ^  =  1  equation  at  once.' 

I^om  t/ie  Same  to  the  Same. 

*  7,  Gamden-strbkt,  Camseit  Towk, 
<  March  23,  1858. 

*  Your  two  sheets  [of  the  long  letter  of  Feb.  15,  on  Definite 
Integrals]  received.  The  whole  will  be  charming  work  for  the 
Easter  Vacation,  as  per  glance  given. 

*  But  how  about  your  son  P  [Referring  to  a  P.  S.  of  Hamilton's, 
*'  My  son  (Archibald]  received  a  sabre-stroke  "  in  the  affray  between 
the  police  and  the  College  lads.]  I  hope  he  is  not  really  hurt.  I 
A  sword-stroke  may  be  anything  from  abrasion  to  decapitation. 
The  attack  seems  to  have  been  a  very  unjustifiable  one ;  and,  if  so, 
I  sincerely  hope  the  quiet  part  of  your  population,  who  have  never 
followed  Smith  O'Brien  or  O'Connell,  will  take  it  up  firmly  and 
continuously.  A  police  officer  always  gets  an  esprit  de  corps  which 
is  occasionally  dangerous. 

*  Let  Lord  Eglinton  get  up  a — how  do  you  spell  it  P — shillaly 
tournament — and  invite  all  who  want  broken  heads  to  come  and 
get  them  in  a  regular  way.  The  tournament  might  be  kept  open 
night  and  day,  and  all  the  sons  of  Erin  who  feel  mouldy  for  want 
of  a  beating  might  get  a  chance  for  2d.  a  piece,  which  would  pay 
for  the  viceregal  court,  over  and  above  the  expenses  of  the  institu- 
tion.' 

Fi'om  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obsbrvatobt,  March  30,  1858. 

*  Tour  construction  of  the  hyperbola  by  points  is  very  pretty, 
and  I  had  not  met  with  it  before.  Your  Euclid  proof  is  very  clear, 
and  a  nice  little  investigation  by  quaternions  suggested  itseK 
immediately  to  me ;  which  perhaps  I  may  insert  in  a  postscript. 
Meanwhile  I  shall  mention,  what,  however,  you  may  easily  have 


Professor  Augustus  De  Morgan.  545 

seen  for  yourself  ere  now,  that  the  oonstruotion  oan  be  derived 
from  Pascal's  theorem,  and  can  be  adapted  to  the  other  oonio 
sections  .  .  .  [He  then  gives  an  extension  of  De  Morgan's  rule, 
and  proceeds :]  I  have  not  turned  to  any  book  to  try  whether  this 
oonstruotion  is  in  print;  but  suppose  that  persons  who  make 
geometry  their  profession  are  well  acquainted  with  it.  I  imagine 
that  Pascal  may  have  known  it  himself,  although  it  only  occurred 
to  me  a  minute  ago  in  thinking  of  your  elegant  case  of  it. 

^  I  was  very  glad  to  find  that  you  agreed  with  me  in  thinking 
80  highly  as  you  do  of  the  importance  of  Pascal's  theorem,  as/e^/t- 
damental  in  the  doctrine  of  the  oonic  sections.  Your  note  on  that 
subject  is  not  just  now  beside  me,  but  I  intend  to  look  for  it. 
Some  of  the  geometrical  transformations  appeared  to  me  to  be  very 
ingenious.  Have  yon  ever  thought  of  publishing  anything  in 
pure  geometry  ?  .  .  . 

'  While  ranking  Pascal  above  Ghasles  as  an  inventive  genius, 
I  must  still  recognise  the  vast  importance  of  the  Anharmonio 
Theorem  of  the  latter  writer,  in  all  that  regards  the  metric  proper- 
ties of  conies.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

*  7,  Camdek-stbbet,  Camden  Towk, 
'ApHl  1,  1858. 

*  I  got  it  from  Pascal — ^from  your  very  construction — and  was 
greatly  shocked  and  disgusted  to  think  that  such  a  fundamental 
method  should  have  come  out  of  a  hexagon  vn^hfour  of  its  points 
at  an  infinite  distance.  The  any-two  tangents  and  their  pole 
glanced  ofE  as  a  thing  of  less  use.  Except  in  the  case  of  two 
tangents  at  extremity  of  diameter,  which  I  used,  and  which  ought 
to  be  the  method  of  constructing  parabola  and  hyperbola  by  points. 
But  I  never  saw  either.  Parabola  of  course  as  easy.  Pascal  saw 
all  this  no  doubt.  Tradition  says  his  MS.  was  a  treatise  on  conic 
sections  with  400  corollaries  to  one  proposition.  This  must  have 
oome  in  the  first  400. 

^  The  above  gives  the  easiest  ways  of  deducing  the  equations 
which  Newton  writes 

Pr.  F(7:eP::CP:C2)», 
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and  the  modems 

y»  =  -  (a*-  «*,  or  jr*  -  a'). 

*'  When  I  was  an  undergraduate,  it  happened  to  me  to  get  yeiy 
jolly  in  company  with  a  party  who  were  oelehrating  the  new 
scholarship  of  our  host.  Being,  as  aforesaid,  merry,  we  proceeded 
to  sing ;  when  it  struck  one  of  our  party  that  we  could  sing  as 
well  as  the  choristers,  a  notion  which  came  of  punch  and  not  of 
reason.  To  test  the  point  we  all  got  our  surplices,  and  stood  round 
the  tahle,  when  a  question  arose  as  to  what  we  should  chant. 
Some  one  proposed  PF.VG:  QV^::  OF*: DC*,  which  met  with 
approhation.  We  tried  to  make  it  fit  all  manner  of  tunes;  I 
remember  "Zitti  Zitti,''  "the  Evening  Hymn,"  and  '^The 
Campbells  are  coming."  But  we  left  off  with  a  notion  that 
Newton  was  not  so  easily  set  to  music  as  we  thought.  We  had, 
howeyer,  the  satisfaction  of  knowing  that  the  point  had  been  fairly 
tried. 

*  Whewell  sent  me  the  other  day  as  a  puzzle,  to  make  all  the 
letters  of  the  alphabet  into  words  without  omission  or  redundancy. 
No  letter  out.  No  letter  twice.  1.  Allowing  j  «  t,  and  «?  =  «. 
2.  Bejecting  v  and/.  The  first  I  did  and  made  the  words  make  a 
kind  of  sense,  as  follows : — "  I,  quartz  pyx,  who  flings  much  bed." 
Buch  a  pyx  was  never  thought  of  before,  I  dare  say.  The  second 
I  do  not  believe  practicable.  Whewell  did  it  in  what  I  call  an 
evasive  way,  for  I  contend  that  the  initials  of  Latin  words  are  not 
English  words.     "  Phiz,  styx,  wrong,  buck,  flam,  Q.  E.  D.^ 


99  9 


From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

*  Observatort,  April  6,  1858. 

* ...  Do  you  imagine  that  Whewell  would  care  for  some  speci- 
mens of  my  cypher,  about  which  I  wrote  to  you  a  few  years  ago, 
and  with  which  you  declared  that  pou  would  have  nothing  to  do  P 
I  am  very  curious  to  know  whether  it  could  be  decyphered,  though 
it  may  be  very  presumptuous  in  me  to  expresss  such  a  doubt.  At 
all  events  it  can  be  read,  and  it  can  be,  for  it  has  been,  communi- 
catedy  though  only  to  one  person  hitherto. 

*  I  never  pretended  to  be  able  to  do  more  than  the  very  easiest 
tricks  of  decyphering,  myself ;  such  as  making  out  the  meaning 
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of  a  moderatelj  long  English  paragraph,  when  the  words  were  all 
divided,  and  each  letter  of  the  alphabet  was  replaced  bj  some 
one  fixed  symbol/ 

From  the  Samb  to  the  Same. 

'  Obssbtaio&t,  EfuUr  Evt  lApril  4],  1858* 

*  I  had  a  visit  to-daj  from  my  old  friend,  the  Bev.  Bobert 
Peroeval  Graves,  brother  of  John  and  Charles.  While  he  was  here 
I  wrote  out  for  the  latter  the  two  following  theorems:  will  you  tell 
me  whether  you  think  that  they  are  known  ?  — 

1.  /(a?  +  A)l=>+A2)/(:c-A)+|^'j7/(a?-2A) 

+  •  '  +  \^/      -,.  iy'f{x-nh)  +  . .. 

2.  /(aj-A)=>-A2)/(a?-A)-J-^2>y(ar-2A) 

2W  3'A* 

-iT2T3^-^(-«*)-r:2:3T4^^(-^ 

(n ■  1)"-^A'»  ^..        .. 
r(n  +  1)  ^  ' 

/x  is  here  as  arbitrary  a  function  as  in  Taylor's  seriesy  and  2) »  -p. 

ax 

I  think  that  I  should  remember  the  look  of  the  equations,  if  I  had 

met  them  in  any  book/ 

*  April  6. — Thanks  for  your  note  of  the  1st,  whioh  reaohed  me 
yesterday.  I  have  not  yet  considered  your  last  construction,  but 
should  have  been  surprised  if  you  had  not  anticipated  my  remark 
about  the  former  case  of  Pascal.  About  Q-eometry  I  may  write 
after  no  long  time — or  I  may  not.  Meanwhile  let  me  say  that  I 
have  communicated  in  a  note  of  this  morning,  to  Charles  Ghraves, 
the  following  theorem,  which  includes  the  two  lately  given,  a 
being  here  an  arbitrary  quantity,  which  may  if  we  choose  be 

2N2 
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imaginary : 

3.     /(a?+A)->  +  Aiy(ir-.aA) 

r{m  +  1)  ^ 

0.  G.  did  not  remember  either  of  the  two  cases  lately  sent,  in  on» 
of  which  a  was  »  1,  and  in  the  other  «  -  1 ;  A  haying  also  been 
replaced,  in  the  second  case,  hj  -  A. 

'  I  shall  be  curions  to  know  whether  you  e^er  met  the  theorem^ 
just  now  written,  or  even  either  of  those  oases  of  it. 

*  The  oddity  of  the  look  of  a  series  for /(a?  +  A),  with  9k  foreign 
and  arbitrary  constant  (or  variable)  quantity  entering  into  it,  makea 
me  think  that  I  could  not  have  fdled  to  recognise  it,  even  if  I  had 
forgotten  the  result,  if  I  had  ever  seen  it  in  print.  You  will  find 
the  investigation  in  the  eleventh  sheet  of  my  long  letter,  not  yet 
ready  to  be  posted.' 

*  April  10. — ^Robert  G-raves  dined  and  slept  here  on  the  Sth^ 
and  we  drank  the  health  of  Lady  Hamilton  on  the  9th — ^that  day, 
yesterday,  having  been  my  silver  wedding-day ;  for  I  was  married 
on  the  9th  of  April,  1833.  He  (B.  G.)  had  the  audacity  to  wish 
me  a  golden  anniversary  of  the  same  event ;  but  I  said  out^  before 
my  wife  and  children,  God  forbid !  It  would  in  fact  be  frightful 
to  anticipate  the  bare  possibility  of  living  so  long. 

<  As  to  my  recent  equation  3,  after  finding  it  for  myself,  I  felt 
a  dim  sensation,  or  a  shadow  of  a  recollection  passed  before  me 
that  something  like  it  had  been  published  by  Laplace,  in  his  Calcu- 
lus of  Probabilities,  near  the  beginning ;  or  at  all  events  a  develop- 
ment in  which  a  third  arbitrary  quantity  was  introduced,  in  an 
expression  for  a  function  of  the  sum  of  only  two  such  quantities. 
Accordingly,  I  observe  that  in  page  14  of  the  Edition  de  luxe  of 
Laplace's  complete  works,  published  at  Paris  in  1847  (at  least  the 
seventh  volume  was  so),  and  therefore,  during  the  reign  of  Louis 
Philippe  and  anterior  to  the  present  regime,  the  following  formula 

is  given : — 

f(»  +  2r-l)     . 

yx« «  y»  +  t^yx-r  +     12       ^'^ 

t(/^3r^l)(i>3r-2) 

^         1.2.3  Ay«^  +  *o., 
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which  has  a  very  decided  analogy  to  my  result,  but,  as  you  see, 
introduces  ^ntY^  differences  instead  of  differential  coefficients. 

*1  have  noticed — ^but  forget  the  page — that  Laplace  speaks 
also  of  "  series  limit^s/'  in  reference  to  such  divergent  series  as 
give  alternately  values  erring  in  defect  and  in  excess." 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  If  Cauden-stbset,  Camden  Town, 
'  April  n,  1868. 

^  I  have  a  long  retribution  for  you  when  I  find  time,  I  thought 
I  remembered  something  like  your  theorem  somewhere  in  Murphy; 
and,  on  looking  up,  I  find  in  his  Theory  of  Equations^  p.  82, 

with  reference  to  a  memoir  on  analytic  operations  in  the  Boyal 
Society*s  Transactions, 

*  As  to  twenty-five  years  more  life — why  not  P  If  it  would  be 
frightful  to  anticipate  it,  don't  anticipate  it,  but  live  on  quietly. 
The  clock  mutinied  when  it  anticipated  the  number  of  times  it 
would  have  to  tick  in  the  coming  twelvemonth,  but  was  reduced  to 
order  by  being  reminded  that  for  each  tick  it  would  have  a  second 
to  tick  in.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obseevatort,  AprU  14,  1858. 

'  I  take  the  first  sheet  of  note-paper  that  comes  to  hand  to  tell 
you  that  I  am  much  obliged  by  your  having  pointed  out  to  me 
Murphy's  anticipation  of  at  least  one  of  my  theorems,  or  say  two 
of  them,  with  exactly  the  same  filiation  as  in  my  long  letter.  .  .  . 
Consequently  I  see  that  I  have  no  claim  to  having  been  the  first  to 
perceive  this  transformation  of  f{x  +  A),  and  think  it  lucky  that  I 
did  Tioi  print  it.  As  yety  I  do  not  know  whether  Murphy  (whom 
I  knew  a  little,  but  whose  book  on  Equations  I  have  never  read) 
was  aware  of  the  still  more  general  series, 

which  was  number  (370)  in  a  sheet  lately  forwarded  (the  eleventh), 
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and  in  which  there  ooours  an  arbitrary  contrast,  a.  But  I  admit 
that  Murphy  may  very  easily  have  been  led  to  perceive,  and  even 
that  he  is  likely  to  have  published  it.  At  all  events,  I  must  take 
care  not  to  print  any  of  the^e  results  of  mine,  without  previously 
endeavouring  to  ascertain  how  much  he  had  done  on  the  same 
subject.  At  this  moment  it  is  my  impression  that  he  had  not  seen  the 
three  real  and  imequal  roots  of  the  transcendental  equation  o^  =  ^, 
(402),  for  the  case  a>  0,  <c^,  which  are  discussed  in  sheet  xii.  of 
my  letter,  lately  posted.  And  other  transformations  may  still  be 
mine,  although  I  should  be  cautious  of  asserting  them  to  be  so. 

^  Sheet  xiii.  is  almost  copied,  and  will  probably  be  posted  to- 
morrow. It  will  conclude  the  discussion  of  the  series  above  cited 
from  Murphy  (but  which  I  had  till  to-day  supposed  to  be  my  own), 
in  connexion  with  the  iico  methods  of  tramformationy  by  continued 
fractions  and  by  continued  exponentials.  Sheet  ziv.  will  break 
ground  in  a  partly  new  direction,  by  bringing  in  a  third  transform- 
ing function.  And  on  the  whole  I  trust  that  we  are  at  last  in 
sight  of  land.' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

'  7,  Gamden-street,  Cahden  Towk, 
'May\%,  1858. 

*•  I  am  an  retard  with  your  MSS.,  and  other  things  besides,  by 
reason  of  other  business.  But  I  take  up  now  and  then,  and  get 
along  somehow ;  and  I  shall  write  you  something  about  it.  When 
the  Beats*  were  off  my  hands  came  on  a  Paper  on  Logic,  the  which, 
being  very  saucy  to  the  logicians,  must  have  great  looking  over, 
that  I  may  not  lay  myself  open.  In  fact  I  have  thrown  it  in  their 
teeth  that  a  man  must  be  a  mathematician  before  he  is  competent  to 
understand  the  distinction  oiform  and  matter^  for  which  I  think  I 
give  reasons  out  of  the  nature  of  the  case  and  the  palpable  slips 
of  very  acute  logical  writers.  ...  I  am  now  in  possession  of  a 
tolerably  complete  idea  of  my  own  as  to  what  logic  should  really 
be,  in  its  two  sides,  mathematical  and  metaphysical.  And  as  I  am 
more  than  ever  aux  j)rises  with  your  namesake,  I  wish  he  were 
alive  to  have  a  touch  at  me.  But  as  that  cannot  be,  the  next  thing 
is  to  wish  him  an  editor  or  an  old  pupil  who  will  take  up  the 
cudgels  for  him  with  more  judgment  and  temper  than  he  could  do 
for  himself.' 

*  Supra y  p.  612. 
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From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  Dublin,  May  26,  1858. 

*  Whatever  else  I  may  write  about  to  you,  this  "  Letter  "  (of 
Feb.  15th !)  is  at  last  finished !  and  I  have  the  satisfsLCtion  now  of 
posting  the  last  sheet  of  it.  .  •  .' 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

*  7,  Camdek-street,  Camden  Town, 
*  June  3,  1858. 

*  I  have  actually  read  through  (not  trari-ec?  through)  your  letter 
of  72  folio  pages,  begun  on  a  sheet  which  you  said  you  did  not 
expect  to  finish.  Did  ever  mortal  do  such  a  thing  in  hot  weather  ? 
Why,  it  is  a  collection  of  memoirs.  Most  truly  did  you  begin  by 
saying  that  an  inventive  mathematician  need  never  fear  being  in 
want  of  a  stock  of  difficulties.  .  .  .  You  have  signalised  yourself  by 
a  real  inroad  into  the  territory  of  divergent  series,  in  which  I 
have  latterly  believed  as  much  as  in  convergent  series.  Not  that  I 
have  believed  them  more,  but  that  I  have  believed  convergent 
series  less. 

*  Tour  numerical  treatment  is  wonderfully  successful,  though 
mind,  it  is  but  a  beginning.  I  should  almost  have  grudged  your 
taking  the  trouble  for  me,  if  I  had  not  been  satisfied  that  it  was 
the  best  thing  you  could  do.  You  will  find  that  you  pick  up  in 
all  directions  when  you  begin  to  write  your  memoir. 

*  But,  Heaven  and  Earth !  how  is  a  man  to  carry  it  all  in  his 
head  P  Thank  goodness  that  I  have  not  to  get  it  vp  for  an  ex- 
amination. There  is  so  much  novelty  about  the  forms  that  the 
old  things  do  not  help. 

*  You  have  added  evidence  to  my  dictum  that  it  is  not  conver- 
genet/  which  is  safety  in  series,  but  altefnation.  And  depend 
upon  it  that  some  day  it  will  turn  out  that  the  safety  of  alterna- 
tion lies  in  (-1)*  =  0,  00  being  an  infinite  integer — not  restricted 
— ^not  even,  nor  odd. 

*  There  is  a  nibbling,  too,  at  the  next  step  in  the  progression  of 
operations 

a  +  fl  +  a+...     a  .  a ,a . , *  •     a     , 
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'  It  may  be  that  the  inversioiis  of  this  function  will  one  day  be 
as  well  understood  as  those  of  a  •  a  •  a . .  •  What  grand  people 
they  will  be  who  know  all  about  this. 

'  I  must  await  the  long  vacation  to  have  a  pull  at  your  series 
again.  .  .  • 

*  I  have  been  screwing  away  at  logic,  and  shall  soon  have  the 
Paper  printed.  I  have  now  made  up  my  mind  about  that  subject, 
and  am  above  all  argument,  a  perfect  fifth  monarchy  man. 
The  thesis  is  that  the  logicians — unwittingly — are  too  much  of 
mathematicians  ;  that  they  have  been  wandering  hopelessly  in  the 
mathematical  field  of  logic ;  and  that  they  want  a  mathematician 
to  show  them  the  way  out. 

'  Should  I  draw  up  a  tract  on  the  subject  for  more  general 
circulation,  I  shall  preface  it  with  a  motto  from  Hobbes,  as  over- 
leaf. It  will  be  a  cool  thing  to  adopt  the  language  of  his  unfortu- 
nate attack  on  the  geometers ;  but  I  intend  to  he  cool.  *^  In  magno 
quidem  periculo  versari  video  ezistimationem  meam,  qui  a 
'  logicis '  fere  omnibus  dissentio.  Eorum  enim  qui  de  iisdem  rebus 
mecum  aliquid  ediderunt,  aut  solus  insanio  ego,  aut  solus  non 
insanio ;  tertium  enim  non  est,  nisi  (quod  dicet  forte  aliquia) 
insaniamus  omnes." 

'  Your  namesake  has  a  train  of  thought  about  quantity,  in 
which  he  begins  by  asserting  that  two  quantities  are  '^  one  and  the 
same  "  quantity.  Three  sentences  further  on,  he  says  it  is  evident 
that  these  quantities  are  always  each  the  inverse  of  the  other ;  tlie 
greater  either  of  them  is,  the  less  is  the  other.  Equal  quantities 
varying  each  inversely  as  the  other  make  a  difficulty  greater  than 
divergent  series.  The  key  to  all  this  is  that  he  never  abstracted 
quantity,  in  his  own  mind,  from  its  subject  of  inhesion,  and  thought 
as  grossly  of  quantity  as  a  shopkeeper  who  says  he  has  put  the 
same  quantities  up  together,  when  he  has  packed  up  again  in  the 
same  parcels  those  lots  which  came  in  in  the  same  parcels.  Strange, 
but  true. 

*  Beally  this  weather  is  boiling  and  roasting  all  in  one.' 
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From  the  Same  to  the  Same. 

<  7,  Cahdrk-strebt,  Camden  Town, 
'July  27,  1858. 

*  I  have  just  got  three  sheets  [of  the  long  letter  of  July  15], 
hut  as  yet  have  been  only  cursory.  The  Paper  on  Logic  has  been 
my  hindrance.  Look  at  the  appendix,  and  see  what  grand  notions 
Sir  "W.  H.  has  of  quantity, 

*  My  theory  is  this.  What's  in  a  name  P  Ans. — To  a  given 
name  nature  has  but  a  certain  amount  of  anything  to  dispose  of. 
If  one  Sir  William  Hamilton  takes  up  an  enormous  share  of  the 
mathematical  power  disposable  among  the  lot,  the  others  must 
suffer  for  it.  Now  the  Edinburgh  man  had  a  very  strong  mind 
which  required  a  very  large  quantity  of  mathematical  power  to 
balance  the  other  capabilities.  But  another  of  his  name  had 
shared  him  oiity  as  sailors  say  of  the  messmate  who  drinks  nearly 
all  the  pot  of  beer  before  the  others  get  a  chance. 

*  I  dare  say  Cay  ley  will  send  you — or  has  sent  you — his  Report 
on  dynamics.     You  will  enjoy  it. 

*  I  am  now  deep  in  the  logic  of  the  word  "of" — a  totally  un- 
-explored  part  of  the  subject. 

August  17. — *  I  have  got  your  three  sheets,  which  I  have  run 
through,  and  have  them  before  me,  to  have  another  go  at  them, 
when  a  certain  job,  of  which  you  will  see  the  results,  is  finished. 
You  are  getting  on  famously.  I  have  not  had  gossiping  time  for 
months  and  months,  much  owing  to  my  logic,  which  I  hope  you 
received.  I  have  since  been  occupied  with  the  syllogism  in  which 
^ny  relation  is  the  copula,  and  with  success.  It  throws  on  the 
•common  syllogism  the  light  which  y  =  <^x  throws  on  y^sd^  or  any 
other  instance.  Now  as  all  my  people  are  at  the  sea,  I  have  a 
little  time  to  trifle.  And  I  proceed  to  the  subject  of  anagrams. 
One  day,  weeks  ago,  my  wife  sent  into  my  room  a  bottle  to  be 
labelled  poison,  in  the  doing  of  which  I  saw  "  0 !  no  sip  I "  which  I 
added.  This  warned  me  to  look  at  any  word  I  had  to  discuss,  to 
see  whether  transformation  of  letters  would  enforce  any  argument. 
A  few  days  ago,  I  was  writing  for  Notes  and  Queries  about 
Newton's  apple,  which  had  been  produced  by  a  contributor  with 
the  usual  implication  that  no  one  had  ever  thought  of  gravitation 
until  Newton  saw  the  fruit  fall.     So  I  brought  forward  Kepler 
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and  his  sun-and-planet  gravitation^  with  force  inversely  as  the 
distance;  Bouillaud  with  his  assertion  that  if  gravitation  there 
were,  it  must  be  as  the  inverse  sqtmrey  and  that  the  earth  ought  to 
attract  the  moon ;  as  well  as  Huyghens,  with  his  law  of  connexion 
of  velocity  and  force  fully  stated  for  the  circle;  all  known  to 
Newton.  Then  I  began  to  think  of  the  anagrammatio  verification, 
and  I  found  solid  arguments  in  the  transposition  of  the  letters  as 
in  the  opposite  page,  which  will  convince  anyone  who  has  a  theory 
of  correspondences,  be  it  Swedenborg's  or  any  other.  You  are  a 
fortunate  man ;  you  only  fall  short  by  a  letter  of  hot  animal.  I 
transmogrify  into  mad  negro.  Newton,  as  to  primary  ideas  not 
newy  but  as  to  all  else  tteut  on;  in  perceptions,  no  newt;  as  to 
reputations,  icon  ten,  that  is,  ten  now,  not  being  fully  appreciated 
in  his  own  time.  This  is  as  much  as  we  could  expect  of  so  small 
a  number  of  letters. 

*  If  you  have  access  to  Newton's  letter  to  Halley^  June  20, 
1686,  as  in  Brewster's  Newton,  i.  440,  Eigaud's  Historical  Essay ^ 
Appendix,  p.  28,  tell  me  what  you  think  Newton  means.  Does 
he  imply  that  he  had  the  propositions  about  the  circle  when  he 
saw  Huyghens's  book,  or  that  he  was  ready,  on  seeing  them,  to 
apply  them  P 

[After  giving  an  instance  of  a  syllogism  implying  relation  in 
its  copula,  he  proceeds :] — 

*  This  is  one  of  the  questions  I  have  been  studying,  and  though 
very  easy  when  it  is  done,  it  is  really  difficult.  The  pitfalls  are 
numerous ;  and  if  it  had  not  been  for  the  familiarity  with  relations 
of  consanguinity  and  affinity  which  every  man  has,  I  should  have 
been  resting  in  blunders  of  more  than  one  kind. 

'Not  that  all  the  compositions  and  decompositions  of  these 
relations  are  familiar.  When  I  was  a  boy  I  have  seen  plenty  of 
people  puzzled  by  the  following : — An  elderly  nun  was  often  visited 
by  a  young  gentleman,  and  the  worthy  superior  thought  it  neces- 
sary to  ask  who  it  was.  "  A  near  relation,"  said  the  nun.  "  But 
what  relation  P  "  said  the  superior.  "  Oh,  madam,"  said  the  nun, 
"  very  near,  indeed  ;  for  his  mother  was  my  mother's  only  child." 
The  superior  saw  that  this  was  very  close  and  did  not  trouble  her- 
self to  disentangle  it.  And  a  good  many  of  the  people  to  whom 
it  was  proposed  used  to  study  and  bother  to  find  out  what  the 
name  of  the  connexion  was. 
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'  If  we  take  the  following  case  of  the  preceding  syllogism  : — 

X  is  the  uncle  of  Y, 

Z  is  not  the  cmmn  of  Y ; 

we  see  by  practice  that 

X  is  not  the  father  of  Z. 

But  what  is  required  is  a  scientific  mode  of  detecting  the  conclu- 
sion. 

^  I  hope  you  and  family  are  all  well.  The  Dublin  air  is,  I 
suppose,  unexceptionable.  At  least  I  never  heard  anything  against 
it.  I  believe  and  maintain  that  London  air  is  as  good  as  any  air ; 
and  as  to  the  trifle  of  smoke,  it  is  nothing — a  natural  cigar^ 
nothing  more. 

*  By  the  way,  here  is  the  analogy  of  y'  -  {»*  a?  =  ±  ^/y*. 

Y  is  the  brother  of  X, 

X  is  the  (brother  or  sister)  of  Y. 

*  Here  is  another  quadratic  equation.  A  broadside  quoted  by 
Macaulay,  describing  the  death-bed  of  Charles  II.,  says  that  the 
D(uke)  of  Y(ork)  was  reminded  of  the  duty  of  bringing  a  priest  to 
his  brother  by  P.  M.  A.  0.  P.  Now  the  Duchess  of  Portsmouth 
instigated  the  Duke  of  York,  and  Chiffinch,  the  pandar,  smuggled 
the  priest  into  the  palace.  One  solution  is  that  the  initials  are 
syllabic  initials  of  Ports  Mouth  And  Ohiff  Finch.  But  it  has 
lately  been  remembered  that  the  Duke  of  York's  confessor,  a  very 
likely  person  to  remind  the  Duke,  or  to  be  said  to  have  reminded 
the  Duke  (which  will  do  as  well  for  a  broadside  concocted  from 
rumours)  was  Pere  Mansuete  A  Cordelier  Friar.  The  question 
is,  which  root  of  the  difficulty  must  be  taken?' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

<  Obsebvatort,  September  13,  1858. 

*  I  received  your  note  of  August  21,  but  started  almost  imme- 
diately afterwards  for  St.  Mary's  Abbey,  Trim,  where  my  dear 
daughter  Helen  was  on  a  visit  to  some  cousins  of  mine,  and  was 
then  dangerously  ill.  8q>tetnher  14. — I  left  her,  however,  after  a 
visit  of  about  three  weeks  to  those  scenes  and  friends  of  my  boy- 
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hood ;  my  surviving  oouans  indeed  had  not  been  bom  when  I  used 
to  be  most  at  Trim,  but  Dean  Butler  and  Mrs.  Butler  (who  was 
Mias  Harriett  Edgeworth)  are  two  of  the  very  oldest  of  my  Uving 
friends,  and  when  I  oame  away,  my  daughter  was  muoh  better, 
and  all  danger  was  considered  to  be  over.  .  .  .  After  a  little  while 
it  may  amuse  me  and  not  bore  you  if  I  resume  the  subjeot  of  my 
last  long  *'  letter,"  and  wind  up  with  a  seventh  sheet. 

*  October  13.  ...  I  was  writing  mathematics  all  the  morning, 
but  your  seventh  sheet  hangs  in  the  clouds  of  expectation.  I  was 
completely  diverted  from  the  subject  by  my  daughter's  illness  in 
the  first  place,  and  lately  by  a  correspondence  into  which  I  have 
been  drawn  with  a  very  intelligent  man,  a  Professor  of  Mathe- 
matics (but  not  in  this  University)  and  an  author,  who  has  been 
most  conscientiously  studying  my  book  and  has  consulted  me  on 
some  points  of  practice,  and  some  of  theory,  especially  as  regards 
the  Jinite  differentials  (not  differences)  of  functions  of  quaternions. 
I  have  just  been  reading  (thanks  to  your  ^*  flapper,"  Halley)  the 
2nd  Lemma  of  the  2nd  Book  of  the  Principia^  and  conceive  that 
my  differentials  are  just  what  Newton  would  have  called ^emi^iw, 
though  modified  by  the  nature  of  the  applications. 

'  Am  I  correct  in  my  impression  that  my  definition  of  the  diffe* 
rential  of  a  function  {Lectures^  Art.  568,  p.  569)  struck  you,  at  the 
timcy  as  a  new  one  P  And  if  so,  have  you  since  met  with  it  else- 
where P ' 

To  this  inquiry  De  Morgan  replies,  December  6  : — *  I  have 
looked  at  p.  569,  but  am  not  able  to  remember  what  I  thought  at 
the  time.  I  think  it  very  likely  I  remarked  that  the  form  was  a 
new  one.' 

[In  a  letter  dated  January  3,  1859,  Hamilton,  reverting  to 
the  subject  of  Definite  Integrals,  communicates  to  De  Morgan 
some  additional  conclusions  which  he  says  may  be  considered  as 
*  in  anticipation  of,  perhaps  in  substitution  for,'  the  seventh  sheet 
lately  promised  by  him  as  an  extension  of  his  letter  of  July  15, 
1858.  His  subsequent  letters  of  1859  are  numerous,  but  being 
taken  up  with  an  application  to  De  Morgan,  as  Secretary  of  the 
Boyal  Astronomical  Society,  for  a  grant  from  the  Society  of  its 
Monthly  Notices  to  the  Hon.  Mrs.  Ward  [supra,  p.  104),  with  the 
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proposal  of  problems  in  his  loosiaii  Game  and  Calculus,  and  with 
requests  for  criticisms  on  the  early  chapters  of  his  Ekments  (then 
called  bj  him  Manual)  of  QuatemionSj  do  not  afford  much  matter 
for  publication.    I  extract  a  few  passages  of  general  interest.] 

H'om  the  Same  to  the  Same. 

(  Obseetatoet,  March  11,  1859. 

*  Your  last  note  is  not  beside  me,  but  I  was  reminded  of  it  to- 
day, by  receiving,  through  the  post,  a  Monthly  Notice  of  the 
R.  Ast.  Society.  Do  you  really  write  the  whole  of  those  formid- 
able but  interesting  reports  P  * 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  March  27,  1859. 

^  I  do  not  write  much  in  the  Annual  Beports.  I  edite^  and  I 
part  out  my  subjects  to  contributors.  Main  did  Donati.  Ab  to 
my  doing  such  a  thing,  about  observations  and  so-forth,  I  can  only 
say  what  one  of  my  little  boys  onee  said  when  his  mother  told  him 
he  must  love  his  enemies — Catch  me  at  it  I ' 

[In  the  early  part  of  this  summer  De  Morgan  changed  his 
residence  from  Camden-street,  N.  W.,  to  41,  Ohalcot  Villas, 
Adelaide-road,  N.  W.  He  thus  dates  the  first  letter  written  by 
him  after  his  removal]  : — 

/  a'  +  a?  +  41  gives  nothing 
'  41  I  but  primes  from  x^O 
\  to  aj=  39  inclusive. 

*  Chalcx)t  Villas. — All  the  world  knows  Chalk  Farm.  There 
is  no  Chalk  in  London  clay,  and  Primrose  Hill,  close  by,  is  a  clay 
pudding  which  would  be  of  impossible  form  in  a  chalk  formation. 
Chalk  Farm  is  Chalcot  Farm,  corrupted.     (See  Camden.) 

^  Adelaide  Boad. — Addlehead  may  suggest. 

*  N.  W. — I  never  knew  points  of  the  compass.  I  always 
remember  this  by  thinking  that  I  live  No  Where. 

'  Now  if  you  are  prompted  I  will  go  on. 

^  I  think  no  one  would  imagine  either  from  your  letter— or 
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Mr.  Smith's  [of  cirole-squaring  notoriety]  ooxmnent — ^that  you 
were  in  any  other  ir  than  3*14159265  •  •  •  .  Have  you  any  objeo- 
tion  to  send  your  short  proof  to  the  Athenceum  P . . . 

^  October  6  ...  I  am  sincerely  rejoiced  to  hear  of  your  daughter's 
total  restoration.  She  must  now  consult  the  Friendly  Societies' 
table,  and  she  will  find  that  she  has  had  more  than  her  share  of 
sickness,  and  as  nature  always  preserves  her  sum-totals,  she  will 
see  that  she  cannot  have  any  more  without  robbing  somebody  else, 
which  I  am  sure  she  will  be  too  right-minded  to  do.' 

From  Sir  W.  £.  Hamilton  to  A.  De  Morgan. 

*'  Obskhvatobt,  October  9,  1859. 

^ .  .  .  I  am  aware  that  I  use  italicB  and  capitals  too  freely : 
perhaps  it  may  be  left  to  the  printers  to  correct  that  fault,  or 
possibly  a  reader  may  bear  with  it,  as  being  in  some  degree 
characteristic^  and  as  indicating  a  sort  of  vivacity^  if  it  be  too  grand 
a  word  to  say  eamestnesSy  on  the  part  of  the  writer. 

*  I  will  tell  my  daughter  what,  as  an  Actuary y  you  say ;  and 
count  on  its  being  useful.  As  a  boy  I  was  fond  of  going  into 
dangerous  places ;  nor  did  marriage  at  once  tame  me ;  but  when 
I  came  to  insure  my  lifoj  I  thought  it  was  not  honest  to  risk  my 
neck  any  longer.' 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  41,  Chalcot  Villas,  Abslatdb  Road,  KW., 

<  October  11,  1859. 

S  .  .  Trusting  you  are  now  old  enough  to  be  in  no  danger  of  a 
relapse,  I  will  tell  you  that  you  are  not  bound  to  the  offioe  to 
restrain  your  natural  temperament.  Their  tables  are  calculated 
on  an  average  of  all  sortSy  and  your  reckless  people  are  all  down 
among  the  earlier  deaths,  and  the  premium  is  duly  augmented  by 
them.  If  indeed,  having  been  a  cautious  man  up  to  the  assuranoe, 
you  were  then  on  the  faith  of  the  assurance  to  become  reckless,  you 
would,  pro  tantOf  be  playing  tricks  with  the  table  and  acting  un- 
fairly. 

*  October  23. — ^All  right.  I  don't  think  you  are  ezoeeding. 
You  may  at  any  moment. 
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*  The  principle  of  elimination  P    No. 

^  Elimination  is  an  accident — not  the  main  object  of  thought. 
'I  call  it  the  principle  of  transition.    [To  this  is  affixed  a 
marginal  note  by  Hamilton — "  Adopted,  W.  R.  H."] 

a=b  b-e 

a^c. 

You  pass  from  a  to  c  through  b, 

*  When  you  cross  a  river  upon  a  bridge  your  main  thought  is 
to  get  over.  Tou  do  not  name  your  action  or  purpose  from  the 
recollection  that,  in  afterwards  thinking  of  the  connection  of  the 
two  sides,  you  may  forget  the  bridge. 

^The  sign  ->  is  [may  beP]  of  transitive  meaning.  Fallacies 
may  arise  from  tranaitiveness  not  being  present  in  thought.  Ex.  gr.y 
Tim  and  Paddy  had  a  cask  of  whiskey  to  carry  home.  Tim  carried 
it  a  good  way,  and  then,  being  tired,  proposed  to  Paddy  to  carry 
him  on  his  back.  Paddy  did  not  see  the  fairness  of  this.  ^^  Sure," 
says  Tim,  "if  I  carry  the  whiskey,  you  ought  to  carry  me — 
would'nt  that  be  fair  and  equal  P "  Tim  forgot  that  the  verb 
carry  has  transitive  meaning. 

Paddy  carries  Tim, 
Tim  carries  the  whiskey ; 
.*.     Paddy  carries  the  whicJcey. 

^This  all  arises  from  logicians  not  considering  any  copula 
except  is, 

^Was  Tim  eliminated?  If  Paddy  had  tried  he  would  have 
found.' 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

*  Observatort,  December  1,  1859. 

*  Tou  have  done  exactly  what  I  wished  and  expected  you  to  do, 
that  is,  you  have  given  me  your  impression  (which  you  were  too 
polite  to  clothe  in  just  the  words  that  I  am  about  to  write)  about 
my  sheets,  that  they  are  tedious ;  or,  at  least,  too  long. 

^  I  had  told  myself  of  the  same  thing;  but  just  as  I  feel  the 
sending  a  sheet  to  you,  now  and  then,  to  be  a  semi-publication,  so 
I  accept  the  gentlest  remark  of  yours  as  a  semi-criticism* 
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*  Your  own  works  are  so  much  admired  by  me,  and  you  were^ 
80  many  years  earlier  in  the  field  as  a  writer  of  hook^^  that  I  reoeiT^ 
any  observation,  or  even  hint  of  yours,  with  a  really  genuine  defe- 
rence. 

'  I  trust  that  when  my  Manual  oomes  out,  of  which  I  have 
great  hopes  that  a  pari  will,  within  a  few  months,  you  will  find 
that  I  have  endeavoured  to  abridge.* 

[The  most  important  letter  in  the  correspondence  of  1860  wa» 
one  dated  October  29,  which  oommunicated  to  De  Morgan  an  early 
statement  extending  to  twelve  folio  pages  of  results  arrived  at  by 
Hamilton  on  the  subject  of  Oeometrical  Nets  in  Space.  A  full 
treatment  of  this  subject  may  be  found  in  the  Proceedings  of  the 
Boyal  Irish  Academy,  to  which  body  the  Paper  was  presented  on 
the  24th  of  June,  1861.  I  extract  a  few  passages  from  other 
letters.] 

JVom  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

*  41,  Chaloot  Villas,  Adelaidb  'Road,  N.W., 

*  May  26,  1860. 

'  If  you  are  dead  and  buried,  why  do  you  not  say  so  at 
once,  like  a  man,  instead  of  insinuating  it  in  this  roundabout 
way  by  solemn  silence  P  What  has  become  of  you  and  of  the 
Manual  of  Quaternions  P  I  write  because  I  want  to  know  some- 
thing about  you.  For  myself,  I  am  in  the  most  jog-trot  state 
imaginable,  doing  and  suffering  nothing  particular.  ...  If  you  do 
not  write  I  shall  circulate  a  report  that  you  have  shipped  yourself 
to  fight  for  the  Pope.  That  worthy  has  recruiting  Serjeants,  I  am 
told,  in  Ireland,  and  I  may  as  well  dispose  of  you  that  way  as  any 
other.  You  know,  perhaps,  that  neither  Boswell  nor  anybody  else 
could  ever  find  out  where  Sam  Johnson  was  in  1745  and  '46.  He 
was  a  Jacobite  at  heart ;  and  though  nobody  ever  thought  it  seri- 
ously probable  that  he  had  been  outy  yet  it  was  a  strange  puzzle^ 
for  the  thing  was  not  impossible.  Now  you  are  not  a  Papist,  and 
therefore  the  d  priori  grounds  of  probability  are  less  in  your  case. 

^  I  had  intended  to  have  refreshed  my  quaternions  before  this, 
by  help  of  the  manual  which  you  were  engaged  upon.  But  il  n*y 
a  pas  de  quoiy  as  the  cherub  said  to  the  gentleman  who  begged  him 
to  be  seated,  when  he  came  on  a  message  from  above.' 
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From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

*  Wooden  BRiDes  Hotel  (Avoca),  CJo.  Wicklow, 

*Jtt/y9,  1860. 

^  I  am  touring  for  a  few  days,  with  my  daughter,  and  with  a 
oonple  of  cousins  of  ours  from  England,  who  happen  to  be  with  us 
at  present.  The  scenery  in  this  county  of  Wicklow  is  undoubtedly 
charming.  .  .  . 

From  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<  41,  Ghalgot  Yillas,  Adelaide  Road,  N.  W., 

^November  6,  1860. 

*I  got  your  letter  [on  Geometrical  Nets  in  Space],  and  looked 
a  little  at  the  ABC  of  it,  but  one  must  keep  these  things  up  to  be 
ready  at  them,  and  I  have  been  at  other  things  a  long  time.  How- 
ever, your  second  sheet  will  be  helped  by  your  first.  How  is  the 
quaternion  summary  going  on  P 

*  I  am  reviewing  your  namesake  in  the  Athenomm.  His  lectures 
— very  well  worth  reading — on  Logics  and  Metaphysics  were  sent 
to  an  old  pupil  of  his  for  review  from  the  editor,  but  said  old  pupil 
being  busy,  they  could  not  be  got  out  of  his  hands.  So,  the  books  at 
last  being  recovered,  they  were  sent  to  me,  and  I  have  accordingly 
held  him  up  in  some  things  and  showed  him  up  in  others.  His 
mathematics  are  perfectly  extraordinary.  He  cannot  correct  gross 
blunders  about  Euclid  I.  1.,  which  he  quotes  from  another  for  his 
own  hearers  with  approbation.  To  read  his  article  against  mathe- 
matics in  the  Edinburgh  Review^  you  would  suppose  that  though  he 
might  not  have  known  much,  he  had  a  good  01  iroWoi  knowledge* 
But  he  has  certainly  never  read  I.  1  to  understand  it.  He  quotes 
with  approbation  the  two  assertions : — 1.  That  it  is  proved  that 
the  three  lines  drawn  constitute  a  triangle.  2.  That  it  is  proved 
that  the  two  circles  meet.  Charles  Dickens  has  shown  more  know- 
ledge of  this  proposition,  when  he  said  that  Mrs.  Peerybingle's 
pattens  made  the  diagram  all  over  the  yard.' 

[In  this  month  of  November  Hamilton  confided  to  De  Morgan 
the  fact  of  his  vexation  at  seeing  an  advertisement  announcing  the 
forthcoming  publication,  by  Professor  Tait,  of  an  '  Introduction  to 
VOL.  III.  2  o 
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Quaternions.'  In  the  middle  of  December  Hamilton  reports  to 
his  friend  that  in  reference  to  this  matter  he  is  '  now  quite  satisfied.^ 
He  had  not  objected  to  Professor  Tait  publishing  *  Examples  on 
Quaternions/  but  an  Introduction  was  regarded  by  him  as  an 
interference  with  his  rights  in  connexion  with  his  own  intended 
publication.  He  refrained,  however,  from  remonstrance,  and  was 
therefore  the  more  gratified  at  Tait's  *  offering  to  be  guided  in 
every  respect  by  my  wishes.'  I  omit  these  letters,  the  subject  of 
which  has  been  sufficiently  adverted  to  by  me,  supra^  pp.  133,  134, 
but  I  may  give  De  Morgan's  concluding  letter.  In  part  of  it 
he  refers  to  an  allusion  by  Hamilton  to  a  controversy  then  being 
carried  on  between  De  Morgan  and  Dr.  Mansel.] 

lirotn  the  Sams  to  the  Samb. 

*  41,  Chaloot  Villas,  Adblaidb  Road,  N.W., 

'December  18,  1860. 

*  I  am  very  glad  the  affair  is  so  well  arranged.  I  felt  quite 
certain  that  nothing  that  could  be  done,  on  any  supposition,  would 
do  you  any  damage,  except  as  you  chose  to  think  so.  And  it 
came  round  to  me,  circuitously,  through  people  who  knew  nothing 
at  all  about  either  of  you,  that  Tait  is  a  very  strong  admirer  of 
yours;  so  I  feel  pretty  sure  that  he  would  do  anything  you  wished 
in  the  matter.  I  am  quite  satisfied  you  cannot  give  him,  or  let  him 
take,  any  licence  which  can  damage  or  de-pfiot^e  anything  you 
choose  to  write  on  your  own  subject.  No  man  knows  except  by 
long  study  of  history  how  safe  a  man  is  on  his  own  ground. 
Mathematics  are  not  enigmas ;  at  least  nobody  can  do  anything, 
by  ploughing  with  another's  heifer,  which  will  make  a  furrow  at 
all  like  that  which  a  man  makes  with  his  own  plough.  There  is 
allegory  for  it ;  so  it  must  be  true. 

*  Mansel  and  I  have  done  with  each  other  for  the  present.  We 
are  very  good  opponents,  exchanging  private  letters  all  the  time, 
I  exhorting  him  to  pitch  in,  and  telling  him  that,  since  Hamilton's 
(simplex)  death,  I  was,  as  the  Irishman  said  when  he  set  out  for 
Donny brook,  "  dry-moulded  for  want  of  a  beatiug." 

'  The  practice  of  logicians  of  establishing  exact  science  by 
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quotations  has  gone    a   fearful  length  when  the  most  nepiaP^ 
blunders  are  excused  on  plea  of  quotation.' 

[The  oorrespondenoe  between  Hamilton  and  De  Morgan  in 
1861  was  much  occupied  with  the  controversy  carried  on  in  the 
AthencBum  with  Mr.  James  C.  Smith,  the  circle-squarer.  In  this 
oontroversj  Hamilton's  effective  part  was  a  communication  to  the 
Aihenceumy  recorded  gupra^  p.  126.  De  Morgan  had  a  peculiar 
pleasure  in  belabouring  this  pretender  to  a  mathematical  achieve- 
ment. Out  of  many  passages  of  his  letters  answering  to  this  descrip- 
tion I  select  a  few  which  wUl  amuse  the  reader,  and  to  them  I  add 
occasional  sallies  of  a  similar  character  against  another  favourite  foe 
of  his,  Sir  William  Hamilton  of  Edinburgh.  I  think  it  will  have 
been  observed  of  De  Morgan  that,  while  intellectuallj  rejoicing  in 
the  fight  of  controversy,  there  was  no  malice  in  his  combativeness. 
I  have  on  this  account  felt  the  freer  to  print  these  specimens  of  his 
trenchant  strokes.  The  letters  of  the  year,  however,  are  not  con- 
fined to  these  topics.] 

From  the  Same  to  the  Samb. 

<41,  Chalcot  Villas,  Adelaide  Road,  N.W., 

'  Apnl2Q,  1861. 

*. . .  I  hope  you  and  yours  have  been  well  all  this  long  time  . . . 
Last  June  I  tried  pleurisy,  and  did  not  like  it  at  all.  But  it  did 
not  grow  very  serious.  Tou  got  I  suppose  my  "  Belations " 
(Logic).  I  am  at  a  fifth  Paper.  I  suspect  you  have  robbed  all 
the  Hamiltons  of  their  share  quantitatively/ — all  the  Williams  at 
least.  Tour  Edinburgh  synonyme  says — tottdem  verbis— rthat 
**  some  at  least "  includes  in  its  meaning  ^*  possibly  none,"  and 
that  therefore  Aristotle  and  all  his  followers  have  included  in 
one  contrary  propositions.  Meaning  that  the  "some  X  is  T" 
of  Aristotle — where  "  some  "  is  "  some  at  least " — must  include 
"  No  X  is  T."  Pretty  well  for  a  man  who  professes  that  he  has 
"  placed  the  key-stone  on  the  Aristotelian  arch."    What  notion 


*  1  learnt  this  word  [derived  from  i^irtos]  from  Halliwell,  who  used  it  of  an 
antiquary  twice  his  own  age,  when  he,  the  antiquary,  found  in  a  MS.,  *<  As 
J.  C.  saith,  the  poor  ye  have  always  with  you,"  and  iilled  up  J.  C.  thus  J[ulius] 
€[8B8ar]. 

302 
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oan  lie  have  of  an  aroh,  whioh  has  stood  tcithout  a  kej-stone  for 
2000  years  P ' 

tyom  Sir  W.  B.  Hamilton  to  A.  Db  Morgak. 

'  Obsertatort,  May  1,  1861. 

^  •  .  .  What  U  pleurisy  P  .  .  .  the  word  is  familiar  to  me,  and  I 
regret  that  you  have  made  even  a  passing  aoquaintanoe  with  the 
thing.  For  my  own  part  I  have  been  really  rather  tcinhing  for  a 
fit  of  the  gout  this  spring ;  but  it  has  not  come.  When  I  have 
one — which  has  happened  some  few  times  already — I  think  that  I 
haye  borne  it  pretty  well,  and  philosophically :  although  the 
physical  pain  was  very  great.  But  it  did  not  disturb  my  mind, 
and  scarcely  interfered  with  my  writing.  And  I  was  so  kindly 
nursed,  and  looked  to,  that  I  have  positively  quite  pleasant  recol- 
lections of  the  fits.'    [^Supm^  pp.  154,  62.] 

^  May  11  ...  On  the  same  Monday  I  received  your  note  of 
the  4th,  beginning  with  the  mysterious  name  TEOTA  [initials  of 
"  The  Editor  Of  The  Athenaeum  "]  ;  which  when  I  explained  to 
Lady  Hamilton,  she  was  highly  amused,  and  said  that  *'  she  would 
give  anything  to  see  De  Morgan.' 
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From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*41,  Chalcot  Villas,  Adelaide  Road,  N.W., 

'3fajf  31, 1861. 

* ...  I  have  sent  your  proof  to  the  Athenceum — ^you  soe  Mr. 
Smith  wants  a  little  more  killing  ...  As  to*convincing  Mr.  Smith, 
you  will  convert  Father  Flaherty^s  pig  to  Protestantism  first. 
When  the  animal  solemnly  abjures  the  errors  of  Popery  on  his 
hind  legs,  with  his  fore  paw  on  the  Gospels,  then  try  Mr.  Smith. 
But  easiest  first,  always. 

*  From  fate  more  than  pence  enough ; 
From  nature  not  sense  enough ; 
80  circle  must  go  without 
Circumference  enough. 

But  I  did  not  stick  this  into  your  proof.  I  am  afraid  Lady 
Hamilton  will  wish  to  see  me  more  than  ever.  But  how  she 
would  be  disappointed !  I  have  not  a  word  to  say  ^for  myself, 
whatever  may  ooze  out  of  my  fingers'  ends.    With  my  respects, 
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this.  There  is  another  Lady  Hamilton  whom  I  must  have  hored 
terribly ;  since  she  had  to  be  amanuensis  through  many  a  weary 
page  of  writing,  all  along  of  me.  Look  out  in  the  Athenaeum  for 
more  Hamilton  controversy.  What  say  you  to  a  man  who  says 
that  "  some  at  least "  is  "  possibly  none  "  P 

*  June  16. — Will  you  believe  that  Mr.  James  Smith  is  going  to 
leave  Liverpool — where  he  is  great  in  dock-business — and  to  come 
to  London ;  solely  that  he  may  bring  the  astronomers  to  a  sense 
of  the  errors  they  commit  in  the  places,  orbits,  &c.,  of  the  heavenly 
bodies  by  reason  of  their  wrong  value  of  ir  P  Tou  need  not  believe 
it  unless  you  like.  All  I  can  say  is  that  my  friend  James  Brown 
(whom  probably  you  know)  avers  that  he  received  a  missionary 
visit  from  a  gentleman  named  '^  James  Smith,"  who  called  on  him  to 
announce  his  intended  change  of  residence  and  its  reason.  There 
cannot  be  two  James  Smiths  equally  bitten  with  3^.  I  don't 
know  how  Brown  dealt  with  him.  The  New  Zealanders  eat  their 
missionaries.  I  suppose  Brown  *'  chawed  him  up,"  in  the  Yankee 
sense,  somehow  or  other. 

*  This  reminds  me  of  a  rhyme  to  Timbuctoo — not  an  easy  word 
— which  I  heard  some  days  ago : — 

'*  I  wish  I  were  a  oassawary 
On  the  plains  of  Timbtictoo ; 
I'd  catoh  and  eat  a  missionary, 
Legs  and  arms,  and  hymn-book  too  !  " 

For  myself  I  could  more  easily  swallow  James  Smith  than  his  ir. 
I  hope  he  will  go  first  to  Airy  as  in  duty  bound. 

*  By  the  way — this  suggests  a  pun — all  my  own.  Mr.  James 
Smith  must  now  consider  Airy  as  a  most  forbidding  personage. 
"  Sir,  it  would  be  a  waste  of  time  to  listen  to  anything  you  could 
have  to  say  on  such  a  subject."  And  what  makes  Airy  so  forbid- 
ding P   Why,  because  he  has  the  "  mens  say-no  in  corpore  aay-no. 


99  9 


From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Observatoby,  June  30,  1861. 

'  F.S. — It  is,  I  suppose,  about  a  fortnight  ago,  but  it  may  be  three 
weeks,  that  I  received  a  note  from  you,  in  which  you  mentioned  that 
jou  had  perhaps  caused  some  trouble  to  Lady  Hamilton  of  Edin- 
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burgh  by  obliging  her  to  aot  as  an  amanuensis,  &o.  I  read  it  out 
for  my  wife  and  daughter ;  and  remarked  that  my  landlady  in 
Edinburgh,  about  ten  years  ago,  might  have  thought  me  a  sort  of 
Don  Juan  if  she  had  observed  that  I  posted,  on  one  evening,  notes 
to  ixco  Lady  Hamiltons.  My  daughter  Helen  said,  ''  I  suppose, 
Papa,  that  you  directed  them  with  your  two  hands,  on  the  principle 
of  not  letting  the  left  hand  know  what  the  right  hand  doeth/' 
"  If  you  go  on  this  way,*'  I  replied,  "  I  will  tell  De  Morgan." ' 

[In  De  Morgan's  reply  he  says : — ^  I  fully  agree  with  Miss 
Helen,  that  the  two  hands  ought  to  be  employed,  and  the  rather 
because  one  of  the  two  marriages  must  be  a  left-handed  one.'] 

*  August  7,  1861.  ...  As  another  joke,  however  poor  it  might 
be,  I  enclosed  to  you  yesterday  the  first  proof  of  the  demi-sheet  2  k, 
of  my  Elements^  with  a  foot-note  (p.  252)  about  "  purely  geometri- 
oal  sighs*'' !  My  daughter  thinks  that  you  might  be  able  to  assign 
the  form  of  a  '^  purely  algebraical  sigh." ' 

[On  a  separate  page  of  note-paper,  and  subscribed  with  his 
monogram,  but  dated  September  27,  '61,  I  find  in  De  Morgan's 
handwriting  the  following  ^^  puzzle."  It  is  plain  from  Hamilton's 
letter  of  August  10  that  his  daughter  had  previously  to  that  date 
received  from  De  Morgan  an  answer  to  her  challenge  to  supply 
the  '  form  of  an  algebraical  sigh : '  but  no  such  answer  appears  in 
the  correspondence.  I  cannot  but  suspect  that  this  **  puzzle,"  as 
a  corrected  version,  was  substituted  at  the  date  subscribed  for  the 
original  reply.f  Whether  it  was  De  Morgan's  invention,  prompted 
by  Helen  Hamilton's  challenge,  I  am  not  able  to  say.  I  have 
heard  a  difierent  authorship  attributed  to  it.  Certainly  it  seems  to 
fit  into  the  present  context  most  appropriately] : — 

"  U  0  a  0  but  I  0  thee 
0  0  no  0  but  0  0  me 
And  0  let  my  0  thee  no  0  be 
But  give  0  010  thee." 

A  puzzle.  A  young  gentleman,  who  stood  much  in  need  of  algebra, 

•  "  Sighs  "  a  misprint  for  "  signs." 

t  Yet  De  Morgan's  allusion  to  his  answer  contained  in  his  letter  of  March  11, 
infra^  seems  to  intimate  that  it  was  more  algebraical  than  tlus  *'  puzzle." 
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was  asked  by  a  young  lady  from  whom  he  desired  it  how  she  might 
best  arrange  her  initials  on  a  seal  which  she  wished  to  have  cut. 
The  answer  was  as  above ;  and  it  strongly  illustrates  a  problem 
once  proposed  to  me  in  transcendental  algebra,  of  which  I  sent  my 
solution  to  the  British  Association,  where  it  was  refused  on  the 
ground  that  squaring  matters  with  a  ring  was  too  nearly  connected 
with  the  quadrature  of  the  circle/ 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

'  Obsebtatost,  August  10,  1861. 

'  My  daughter  was  in  a  very  pleasant  state  of  anger  yesterday, 
at  your  having  so  joertinently  (not  im-)  answered  her  question 
about  the/onn  of  the  pureli/  algebraical  sigh  I  We  have  heard  the 
words  "  in  due  form  ";  but  it  has  not  quite  come  to  that  with  her, 
yet.  The  little  puss  has  stolen  away  from  me,  to  spend  to-morrow, 
which  will  be  her  twenty-first  birthday,  with  an  aunt  of  hers,  about 
ten  miles  off,  who  is  my  only  surviving  sister.  So,  perhaps^  you 
may  have  an  opportunity  of  drinking  her  health — in  water,  if  you 
choose. 

*  P.  S. — A  few  days  ago  I  took  down  an  old  large  prayer  book, 
and  pointedly  called^  her  (my  daughter's)  attention  to  that  Canon 
of  the  Irish  Church  which  forbids  minors  (=  people  of  each  sex, 
under  twenty-one)  to  e^en  contract  themselves  in  marriage,  without 
the  consent  of  parents  or  guardians.  She  seemed  to  think  that 
she  could  bide  her  time.' 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

'  41,  Chalcot  Yulas,  Adelaide  Road,  N.W., 
<  August  12,  1861. 

* ...  I  dare  say  the  young  lady's  wrath  will  cool  down.  It  is 
the  technical,  oiBcial,  kind  of  anger  which  is  always  put  on  against 
any  insinuation  that  the  passive  participle  of  the  verb  ''  to  capti' 
vate  "  may  be  their  lot  as  well  as  the  active.  L'un  n^empiche  pas 
r  autre  J  mats  au  contraire.  I  congratulate  her  on  being  out  of  reach 
of  the  canon.  Tou  waited  nearly  to  the  day  before  you  pointed 
out  this  canon,  as  you  tell  me.  It  was  wise ;  for  there  is  in  the 
best  a  principle  of  restiveness,  which  delights  at  setting  control  at 
defiance ;  and  not  in  young  ladies  only.    I  have  heard  of  a  young 
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lady  who  outgrew  the  oanon  without  knowing  it,  and  who  after- 
wards, at  21  +y  hearing  of  some  other  who  had  been  prevented  from 
disposing  of  herself  at  21  -  ,  said  ''  I  am  sorry  I  didn't  know  I 
mightn't :  I'm  sure  I  would." ' 

[In  the  mathematical  letters  of  1861  Hamilton  submits  to 
De  Morgan  investigations  afterwards  introduced  by  him  in  a 
matured  form  into  his  ElemenU:  De  Morgan  similarly  submits  to 
Hamilton  mathematical  work  in  the  theory  of  probabilities  applied 
to  errors  of  observation  and  also  original  views  in  the  theory  of 
Perspective.  These  portions  have  been  thought  unsuitable  for 
presentation  here ;  but  I  give,  as  likely  to  be  interesting,  a  state- 
ment by  Hamilton  of  his  own  opinion  of  the  comparative  merits 
as  books  of  his  Lectures  and  his  Elements,  The  printing  of  the 
latter  work  was  now,  however,  only  half-way  through.] 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

•  Observatort,  November  9,  1861. 

' ...  As  a  booky  I  am  far  better  satisfied  with  the  new  volume 
than  with  the  LectureSy  which,  however,  is  not  saying  much,  for  I 
am  very  much  (/^satisfied  with  them,  in  point  of  composition  and 
arrangement — the  avvra^iQy  &e. 

'  It  must,  I  own,  require  a  somewhat  resolute  patience  to  read 
the  Lectures  through ;  but  I  trust  that,  although  parts  may  con- 
veniently be  omitted  at  first  reading,  the  new  work  is  so  arranged, 
and  mbdkidedy  as  to  be  quite  easily  accessible  to  any  student  who 
has  a  competent  (not  a  profound)  knowledge  of  former  mathematics, 
and  wishes  to  understand  the  subject.  No  new  notation^  for 
instance,  is  introduced — and  after  all,  I  do  not  employ  many  such 
— without  a  series  of  examples  following,  in  numbered  sub-articles, 
to  render  its  meaning  and  its  use  familiar.  And  generally  I  hope 
that  the  progress  is  well  graduated  throughout;  while  I  have 
avoided  what  may  be  called  talk,  with  some  care ;  and  have  only 
one  metaphysical  remark,  in  four  and  a  half  lines  of  a  note ! ' 


Professor  Augustus  De  Morgan.  569 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

'41,  Chalcot  Villas,  Adelaide  Road,  N.W., 

<  March  6,  1862. 

^ .  .  .  I  have  been  so  busy  with  your  namesake  defunct  that  I 
Have  had  no  time  to  write  to  your  living  self.  I  think  I  have 
fathomed  him  completely  now ;  and  a  curious  piece  of  the  history 
of  literature  it  will  be  when  all  put  together  .  .  . 

*  I  have  got  hold  of  the  syllogism  for  want  of  which  the  medi- 
aeval theology  was  all  dogma  and  category,  which  made  the  people 
fight  like  cat  and  dog.  I  shall  call  it  the  syllogism  of  forbearance 
or  of  charity.  A  common  syllogism  makes  A  and  B  give  the 
right  to  afi^m  C ;  but  where  is  the  argument  of  this  kind  P 

I  can  affirm  A, 
I  cannot  affirm  B ; 
Therefore,  I  cannot  affirm  C. 

Inferential  non-affirmation.  The  laws  of  this  syllogism  are  as 
follows : — The  premises  may  be  in  any  way  a  universal  and  a 
particular,  provided  that  the  non-affirmed  be  the  particular.  Or 
they  may  be  both  universal  or  both  particular,  provided  the  middle 
term  have  the  same  quantity  in  both.  .  .  . 

^  How  do  the  quaternions  go  on  ?  Hoping  there  is  nothing  of 
sorrow  or  vexation  to  acccount  for  your  long  silence,  I  am,'  &o. 

livm  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

*  Observatory,  March  8,  1862. 

[After  reporting  progress  made  in  the  printing  of  the  Elements^ 
and  having  mentioned  that  the  second  part  of  the  Third  Book 
would  treat  of  the  Differential  Calculus  of  Quaternions,  he  pro- 
ceeds] :  — *  As  regards  the  Differential  Calculus  generally,  I  have 
lately  been  led  to  read  again  with  care  a  good  many  works,  your 
own  included,  at  least  in  the  parts  bearing  on  first  principles. 
When  your  letter  arrived  this  morning,  I  was  deep  in  Berkeley's 
"  Defence  of  Freethinking  in  Mathematics";  the  volume  of  his 
works,  containing  that  Defence,  &o.,  having  just  turned  up.  I 
think  there  is  more  than  mere  plausibility  in  the  Bishop's  criti- 
cisms on  the  remarks  attached  to  the  Second  Lemma  of  the  Second 
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Book  of  the  Principia ;  and  that  it  iB  veiy  difficult  to  understand 
the  logic  by  which  Newton  proposes  to  prove,  that  the  mom^idum 
(as  he  calls  it)  of  the  rectangle  (or  product)  AB  is  equal  to  aB  +  hA^ 
if  the  momenta  of  the  side%  (or  factors)  A  and  B  be  denoted  by  a 
and  6.  His  mode  of  getting  lid  of  ah  appeared  to  me  long  ago 
(I  must  confess  it)  to  involve  so  much  of  artifice^  as  to  deserve 
to  be  called  sophistical;  although  I  should  not  like  to  say  so 
publicly.  He  subtracts,  you  know  [A-\  a)  (B -  \b)  from  {A  +  \a) 
[B  +  ^h) ;  whereby,  of  course,  ab  disappears  in  the  result.  Bat  by 
what  rights  or  for  uhat  reason^  other  than  to  give  an  unreal  air  of 
simplicity  to  the  calculation,  does  he  prepare  the  products  thus  P 
Might  it  not  be  argued  similarly  that  the  difference, 

{A  -  \aY  +  (^  «  ^Y  =  3a-4'  +  Ki 

was  the  moment  of  A^ ;  And  is  it  not  a  sufficient  indication  that 
the  mode  of  procedure  adopted  is  not  the  fit  one  for  the  subject, 
that  it  quite  masks  the  notion  of  a  limit ;  or  rather  has  the  appear- 
ance of  treating  that  notion  as  foreign  and  irrelevant,  notwith- 
standing all  that  had  been  said  so  well  before,  in  the  First  Section 
of  the  First  Book  P 

^  Newton  does  not  seem  to  have  oared  for  being  very  consistent 
in  his  philosophy f  if  he  could  anyway  get  hold  of  truths  or  what  he 
considered  to  be  such.  In  relation  to  lights  he  appears  to  have 
admitted  both  rays  and  waves^  the  latter  being  excitedhy  the  former. 
And  I  think  that  there  is  a  real  difficulty  in  reconciling  the  two 
parts  of  the  Principia,  above  referred  to.  Indeed  I  have  recently 
come  to  think  that  the  "  momenta^^  or  "  incrementa  vel  decrementa 
momentanea*^  of  the  Second  Book  (page  243  of  the  Third  Sdition), 
are  just  infinitesimals  in  disguise;  although  Sir  Isaac  did  not  like 
(it  may  be  guessed)  to  employ  the  word  there^  after  having  so 
successfully  avoided  introducing  the  thing,  or  thought,  in  the  First 
Section  of  the  First  Book.  Even  the  "  motas,  mutationes  etfluxicnes 
quantitatum,"  in  page  244  of  the  edition  cited,  were  (I  think) 
infinitesimal  quantities,  as  there  used;  although — or  partly  heeauss 
— ^the  great  author  adds,  immediately  afterwards^  "  velfinitcB  qtutm 
quantitates  velocitatibus  hisce  proportionates,"  Yet  I  have  quoted 
this  very  passage,  in  the  manuscript  of  my  concluding  chapter,  as 
at  least  suggesting  finite  fiuxions ;  and  have  taken  care  to  express 
my  obligation,  for  other  suggestions,  to  that  splendid  First  Section, 
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above  spoken  of ;  especially  for  the  suggestion  of  magnified  repre- 
sentations  of  figures,  the  parts  of  whioh  all  tend  to  vanish  together. 

*  For  my  part,  I  stiok  to  the  finite  quantities^  suggested  in  that 
page  244,  as  (in  some  sense)  representing  the  velocities^  or  as  being 
proportional  to  them.  My  library  is  poor  in  fluxional  books,  but 
I  notice  that  Thomas  Simpson  treats  fitixions  as  finite.  (I  have 
only  a  rather  late  edition,  London,  1823.)  Thomas  Simpson's 
conceptions  appear  to  have  been  very  clear  and  distinct,  and  I  do 
not  venture  to  say  that  the  geometrical  investigation  which  he 
g^ves,  of  ih^fiuzion  of  a  rectangle^  avowedly  supplied  to  him  by  a 
young  but  unnamed  friend,  is  insufficient  in  itself,  but  it  fails  to 
convince  mCy  perhaps  because  I  was  not  early  accustomed  to  fluxions. 
Certainly  there  is  no  neglecting  of  aft,  or  iy,  as  small;  for  in  fact 
that  rectangle  0/ the  fluxions  is  not  represented  at  all  in  his  Figure, 
which  is  here  annexed  [diagram  inserted]  .  .  .  He  conceives  the 
varying  rectangle  xy  to  be  the  sum  of  two  mixtilinear  triangles^  of 
which  the  two  separate  fluxions  are  yx  and  xy.  This  is  very  ingeni- 
ous, but  I  do  not  feel  sure  to  what  degree  I  could  rely  on  it  and 
build  upon  it  any  superstructure,  if  I  were  now  coming,  for  the 
first  time,  as  a  learnery  to  the  subject.  However,  I  suppose  that  a 
pupil,  if  reasonably  modest,  or  even  prudent,  will  take, /or  a  while, 
his  teacher's  statements  upon  trust ;  reserving  to  himself  to  return 
upon  them,  and  to  examine  closely  their  truth  and  logic  when  he 
shall  have  acquired  some  degree  of  familiarity  with  the  subject 
taught. 

^  In  a  subsequent  letter  I  shall  perhaps  be  tempted  to  give  you 
my  oum  proof  resting  on  my  own  deflnition  of  simultaneous  diffe^ 
rentialSy  or  corresponding  fluxions^  not  only  that  the  fiuxion  of  a 
rectangle  is  as  above,  but  generally  that  ii  z-yx  then  z  =  yx  +  yx, 
OT  dz^y.dx  +  dy  .Xy  exactly  ;  even  if  xyz,  and  xyz,  or  dx,  dy,  dz,  be 
six  finite  quaternions.^ 

From  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

<  41,  Ghalcot  Yillas,  Adelaide  Road,  N.W., 

' March  l\y  1862. 

*.  .  .  Newton  was  shuffling.  He  had  (1712)  to  back  out  of 
infinitesimals,  in  order  to  unleibnitize  his  system.  See  accompany- 
ing tract,  which  read  while  the  subject  is  on  your  mind. 
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'  For  myself,  I  am  now  fixed  in  the  faith  of  the  subjective  reaUty 
of  infinitesimal  quantity.  I  intend  to  write  on  this  suhject  when 
logic  is  off  my  mind,  if  that  time  should  ever  come.  But  what  an 
infinitely  small  quantity  is,  I  know  no  more  than  I  know  what  a 
straight  line  is ;  but  I  know  it  is ;  and  there  I  stop  short.  But  I 
do  not  believe  in  objectively  realised  infinitesimals. 

*  Newton's  A  +  ^a^  &o.,  always  reminded  me  of  an  observer  I 
once  knew,  who  took  to  differential  calculus.  He  was  puzzled,  ^i 
being  the  velocity  at  time  t^  to  get  a  velocity  with  which  to  go 
oleverly  tlirough  dt.  After  much  meditation  on  ^t  at  the  begin- 
ning, and  ^(^  +  dt)  at  the  end,  he  had  recourse  to  his  old  tools,  and 
took  the  mean.     This  made  his  mind  quite  easy.  .  .  . 

'  I  hope  Lady  H.  and  all  the  young  people  are  well.  Has 
Miss  Helen  forgiven  my  algebra  yet  P  It  was  not  so  atrocious  as 
the  trick  I  played  a  young  lady  not  many  days  since.  She  wanted 
my  autograph,  and  I  sent  her  this  to  stick  in  her  book 


2   To  Mr.  %^    Co. 

W  JrJ  Miss ,  or  Order^ 

(^ 

jj^  Particular  Attention. 

-gt  A.  De  Morgan. 


She  said  she  would  not  put  it  in  the  book,  but  would  keep  it  to 
present  when  she  knew  how  to  fill  it  up.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

<  Obsertatobt,  March  14,  1862. 

* ...  I  enclose  a  leaf  of  my  new  book  (pp.  391,  392),  which  is 
not  yet  signed  for  press.  .  .  .  Tou  will  see  that  I  have  entered  on 
the  printing  of  my  remarks  on  the  Differential  Calculus  of  Qua- 
ternions; and  have  touched,  in  passing,  on  Fluxions  and  on 
Newton.     (I  read  your  pamphlet  yesterday.) 

*  I  wish  that  you  would  tell  me  whether  you  think  that  there  is 
anything  actually  varong  in  what  I  have  said — though  I  dare  say 
you  would  not  have  said  it.  At  all  events  it  is  U^e  subjectively, 
or /or  my  self f  since  it  has  certainly  been  a  study  of  the  Principia» 
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without  much  attempt  to  understand  the  momenta^  which  has 
gradually  led  me  to  adopt  Finite  IHfferentials,  as  in  mj  Lectures 
I  already  did.  I  know  indeed  that  Cauohy  came  to  treat  dx  and 
d^  as  finite,  in  at  least  some  of  his  writings ;  but  Todhunter  (whom, 
notwithstanding,  I  admire)  has  evidently  a  holy  horror  of  treating 
them  as  in  any  way  separate  quantities.  Hutton  and  Saunderson 
seem  to  be  quite  content  to  get  at  results,  by  neglecting  some 
fluxions  as  indefinitely  small;  for  example,  in  the  fluxion  of  a 
rectangle ;  but  T.  Simpson  is  far  from  being  so  content^  whether 
he  is  always  char  to  me  or  not.  Thus  I  find  that  at  page  150,  of 
the  edition  cited  in  a  former  letter,  he  says : — "  but  hitherto  no 
particular  notice  has  been  taken  of  the  method  of  increments^  or 
indefinitely  little  parts^  used  (and  mistaken)  by  many  for  that  of 
fiuxionSf  &c.,''  the  italics  being  copied.  About  Berkeley,  I  am  not 
unlikely  to  write  again.' 

I^om  A.  De  Morgan  to  Sib  W.  R.  Hamilton. 

*  41,  Chalcot  Villas,  Adelaide  Road,  N.W., 

'  March  15,  1862. 

*  The  word  "  ultimate  "  [Elements,  p.  392]  sets  you  right  as  to 
Newton  personally.  I  am  familiar  with  finite  differentials,  I 
think  Lacroix,  inter  alios  has  h  his  differential  of  x,  and  the  second 
tertn  of  ^(^r  +  A)  the  differential  of  ipx.     How  he  hocus-pocuses  it 

into  -^  h  I  forget.     But  it  is  only  an  evasion  of  the  infinitesimal 

question.  If  you  admit  finite  quantities  which  are,  by  a  finito' 
facient  infinite  multiplier,  as  the  ultima  or  nascentia,  you  admit 
the  ultimate  ratio  to  have  been  arrived  at  before  vanishing  of  terms 
— unless  indeed  you  biing  the  pure  0  into  finitude  by  a  multiplier. 

It  is  quite  true,  no  doubt,  that  the  limit  of is  -=r=r  fref errinir 

^  mxAx      FF^  ^ 

to  a  diagram].     And  if,  with  easier  conscience,  you  get  at  ^'x  by 

the  limit  of  — — -  than  by  that  of  --^,  why,  no  doubt,  you  have  a 
m^x  ^  Ax       '^^  '  "^ 

right  to  do  it.     But  you  may  just  as  well  take 

T  =  Limit  of  — 
n  Ax 

at  once ;  and  then  call  h  and  k  differentials  of  x  and  p — which 
they  are  not. 
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*  But  you  have  for  you  the  authority  of  Legendre,  who,  when 
he  has  detected  t noommenBurables,  says,  '^  But  if  there  be  no  oom- 
mon  measure,  we  may  imagine  a  quantity  whioh  %e}^e%  them  as  a 
common  measure  {qui  leur  sert  de  mesure  commune).  This  will  do  in 
mathematics ;  it  would  not  be  a  culinary  process.  Next  time  your 
cook  leayes,  imagine  a  person  who  serves  you  as  cook,  and  see  if 
your  meat  be  not  too  much  underdone. 

'Take  what  plan  you  like,  there  is  a  road — a  short  out — ^to 
limits,  which  sets  you  right. 

"  For  modes  of  nought  let  gniceless  zealots  fight ; 
He  can't  be  wrong  whose  limiU  are  bat  right." ' 

JWmt  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obskkyatort,  March  18»  1862. 

'  I  should  have  some  things  to  ohject  to  in  your  last  note,  but 
am  in  a  mood  for  giving  you  some  new  opportunities  of  criticism, 
by  applying  my  own  Definition  of  Simultaneous  Differentials  to  an 
Example.  But  first  let  me  protest  that  I  conceive  that  I  have  a 
right,  without  becoming  ipso  facto  absurd,  to  propose  a  definition/or 
differentials,  provided  that  I  keep  within  bounds  of  convenience  and 
of  anahgy,  and  do  not  violate  received  and  useful  rules  of  calcula- 
tion.    When  you  say,  *'  But  you  may  just  as  well  take 

r  =  Limit  of  — 

at  once ;  and  then  call  h  and  k  differentials  of  x  and  y — ^which 
they  are  not "  :  I  ask  on  what  grounds  do  you  pronounce  so  confi- 
dently that  they  are  not  differentials  P  Is  it  on  the  authority  of 
Leibnitz  P  or  from  the  etymology  of  the  word  P  or  do  you  appeal 
to  general  consent  P  The  latter  does  not  exist ;  and  the  former 
appear  to  me  insufficient.  I  always  thought  it  a  trifling  objection, 
which  Lagrange  made  to  the  modem  use  of  the  word  limit,  in  the 
beginning  of  the  Calcul  des  jFbnctions,  that  the  ancients  had  con- 
ceived a  limit  to  be  a  thing  which  could  only  be  ajyproached  to,  but 
never  reached.  Let  me,  however,  guard  myself,  so  far  as  to  protest 
that  I  am  far  from  seeking  to  exclude  the  notion  of  infinity  from 
mathematics;  I  only  say  that  my  differentials — and  I  am  not 
singular  therein — are  not  infinitesimals.     I  use  infinites,  great  or 


Professor  Augustus  De  Morgan,  575 

small,  in  getting  at  them;  but  they  are  finite.  As  a  little  anecdote 
I  may  mention  that  I  was  asked,  two  or  three  years  ago,  by  a 
clerical  friend  [supra^  p.  116],  to  give  him  my  opinion  on  a  theo- 
logical work  of  Dr.  Mansel,  especially  as  regarded  the  impossibility 
of  a  Philosophy  of  [the  Infinite.  I  replied,  in  substance,  that 
"  Philosophy  "  was  a  high  and  sacred  word — 

"  How  charming  is  divine  Philosophy !"  fto. — 

but  that  I  was  sure  that  there  existed  a  Science  of  the  Infinite^  to 
wit.  Mathematical  Science. 

^  Let  me  add,  however,  that  /  don't  adopt  the  definition^  that 

when  7  «  limit  of  -~,  then  h  and  h  are  differentials  of  x  and  y ; 
n  ^x 

not  that  it  does  not  seem  to  me  quite  competent  to  an  elementary 

writer  to  do  so,  ifhepleasesy  but  because  it  wonH  work  in  quaternions. 

I  must  manage  as  well  as  I  can,  mthout  assuming  that  ity  «=  yx^  or 

xh^hxy  &c.     Let  then  y  =  2^,  and  let  £ix  =  h:  my  calculus  gives 

only,  Ay^xh-^  hx  \-  A',  and  noty  generally,  =  2xh + A*.   Consequently, 

my  quotient  of  differences  is 

Av 
A« 

in  which  it  is  hy  no  means  permitted  to  change  the  termy  hxh~^  to  or, 
in  general.  Yet  I  define  that  the  part,  xh  +  hxy  of  the  difference  Ay, 
is  the  differential  of  y  ;  and  I  denote  it  by  rfy,  if  h  be  denoted  by  dx  ; 
and  this  whether  h  be  small  or  large;  that  is,  in  quaternions, 
whether  what  I  call  its  tensor  (answering  to  Argand's  modulus)  be 
a  small  or  a  large  positive  quantity  .  .  . 

*  Tour  opinioHy  on  any  such  subject,  must  have  real  weight  with 
me,  as  with  others ;  but  I  do  not  conceive  that  there  exists  any 
authority  y  by  which  the  meaning  of  the  word  "  differentialy^  has  yet 
been  sofixedy  as  to  make  it  improper  in  a  new  writer  to  propose  a 
newy  or  at  least  a  modifiedy  meaning  of  it.  It  has  been,  perhaps 
happily,  too  much  a  subject  of  dispute  for  that.  Even  the  word 
fluxion  has  not  always  been  used  in  one  sense;  and  whatever 
Newton  meant  by  it  (which  seems  to  me  doubtful)  in  that  page 
244  of  the  Principia,  some  English  writers  have  certainly  treated 
fluxions  as  infinitesimalsy  and  justified  the  omission  of  x^y  in  the 
fluxion  of  the  square,  on  the  ground  of  its  insignificance.  .  .  . 
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*  I  intended  to  admit,  in  a  former  letter,  that  Cauchj  and 
several  other  French  authors  have  oonsidered  that  differentials  might 
be  finite,  although  apparently  preferring  to  deal  with  differential 
eoffiedentSf  of  whioh  you  see  that  I  can  make  no  use.  .  .  .' 

Jpy-om  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  41,  Cealcot  Villas,  Adelaide  Road,  N.W., 

<  March  23,  1862. 

*  All  your  mathematics — all  your  use  of  a  finite  fraction  -^  — 

I  can  readily  agree  to.   The  sole  question  is  the  expediency  of  using 
the  name  differential  for  infinite  multiple  of  a  differential. 

*  You  ask  on  what  groimds  I  say  that  h  and  k  are  fwt  differen- 
tials.   Simply,  because  hitherto  they  are  not.    The  true  question 
is,  on  what  groimds  do  I  dispute  the  expediency  of  your  nutking 
them  take  the  name.     Is  it  the  authority  of  Leibnitz  P    No.     The 
authority  of  an  inyentor  extends  no  further  than  this — his  terms 
have  a  right  to  respectful  consideration ;  but  the  community,  quern 
penes  arbitnum,  finally  accepts  or  rejects.    Mathematical  language 
has  a  fermentation  always  going  on  which  throws  up  all  that  does 
not  assimilate.     My  belief  is,  that  if  you  caU  A  and  k  differentials, 
the  community,  when  quaternions  heoome  publici  Juris,  will  uncall 
them.     Is  it  etymology  P    So  far  as  this.    Etymology  should  not 
be  offended  against  without  good  reason  shown.    And  especially, 
when  the  proposed  change  is  other  than  extension.    Is  it  general 
consent  P    Yes.     You  affirm  that  no  such  consent  exists.     If  by 
general  consent  you  mean  logically  universal  consent,  I  agree. 
No  one  term  has  that  consent.     But  I  believe,  as  a  matter  of  fact, 
that  there  is  a  vast  preponderance  of  writers  who  mean  by  a  dif- 
ferential— when  they  use  the  word  apart  from  "  coefficient " — an 
infinitely  small  increment.     This  is  a  question  of  fact.     If  your 
reading  denies  the  fact,  I  have  nothing  to  say — ^mine  affirms  it 

*  But  are  you  forced  upon  the  word  "  Differential "  P  They  are 
— I  mean  A  and  k — the  terms  of  Newton's  prime  ratio.  I  would 
rather  use  primo-rationals  than  differentials.  But  I  dare  say  you 
may  get  a  better  word. 

These  terms  need  a  shaking  very  much.    I  should  like  to  call 
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—  the  "  X  rate  of  y,"  in  abbreviation  of  the  rate  at  which  y  is 

changing  relatively  to  that  at  which  x  is  changing, 
a  think 

7    prime  ratio, 

k   the  prime  oiy^ 
h    the  prime  of  a?, 

would  give  language  that  the  common  differential  calculus  might 
envy/ 

From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

<  Obsiebvatoby,  March  25,  1862. 

^Thanks  for  your  very  interesting  and  partly  controversial 
letter,  which  I  received  this  morning,  and  which  I  hope  to  make 
soon  the  text,  or  at  least  the  occasion,  of  another  long  letter  from 
myself. 

*I  trust  that  you  have  received  your  "Mourey"  [Mourey's 
Treatise  on  Negative  Quantities,  which  had  been  lent  by  De  Morgan], 
minus  a  paper  mng^  which  may  yet  be  found  ;  also  the  o  and  p  of 
my  Elements.  The  baker  [who  took  his  letters  to  the  post]  is  at 
the  door. 

*  March  26. — Tou  would  be  a  most  formidable  opponent,  in  any 
controversy,  but  perhaps  most  of  all  in  one  which  at  all  regards  the 
history  of  the  differential  calculus.  Yet  I  am  somewhat  surprised 
at  your  attributing  a  quasi-universality  of  usage  to  the  interpreta- 
tion of  a  differential  as  an  infinitesimal^  at  least  if  you  refer  to 
works  upon  the  Differential  Calculus.  I  am  quite  aware  that  we 
are  apt  to  think  in  infinitesimals^  and  that  Laplace,  for  instance, 
continually  mes  them.  You  probably  know  ten  times  as  many  as 
I  do,  of  such  works ;  but  really,  at  this  moment,  I  cannot  remember 
onej  which  adopts  the  interpretation  in  question;  though  several, 
perhaps  all,  allude  to  it,  as  the  view  of  Leibnitz.  Tou  mention  it, 
for  instance,  in  pages  30  and  50,  and,  no  doubt,  in  other  places,  of 
your  Treatise  on  the  Differential  and  Integral  Calculus ;  although 
it  seems  clear  that  you  prefer,  as  many  others  do,  to  use  only 
differential  coefficients ;  which  will  go  a  great  way,  I  admit,  but 
which,  you  know,  wonH  do  at  all  for  quaternions  in  general,  though 
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of  course  you  could  not  notice  that  circumstance  when  writing, 
and  are  not  bound  to  take  cognizance  of  it  now. 

[Hamilton  then  cites  as  on  his  side  Lacroix  {Elementary  Treatise)^ 
and  Peacock,  whom  he  proves  to  have  considered  it  in  1816  as  an 
established  fact  that  Analysts  meant^  hy  the  «wrf  "  di£Eerential,"  the 
Jirst  term  of  the  development  of  the  difference;  without  the  slightest 
hint  that  this  term  was  to  be  smally  or  rather  with  the  express  ex- 
clusion of  that  condition.  He  adds,  however,  that  Peacock  was  for 
excluding  both  infinitesimals  and  limits,  *  In  short,  Peacock,'  he 
says,  *  was  for  relying  on  the  method  of  the  Calcul  des  Fonctions — 
which  I  greatly  admired  as  a  boy,  but  I  believe  that,  when  I  was  a 
young  man,  I  had  some  small  share  in  overthrowing  (through t^'^j 
see  note  to  your  page  176).'  He  next  brings  forward  Cauchy 
(p.  18  of  Legons  sur  le  Calcul  Diff^rentiel^  Paris,  1829),  making  the 
statement,  *  Quant  k  cette  demiere  quantity  [^]»  <1^  represente 
la  diif^rentielle  de  la  variable  ind^pendant,  elle  reste  entidrement 
arbitraire ;  et  on  pent  la  supposer  ^gale  &  une  constante  finie  A,  ou 
m£me  la  consid^rer  comme  une  quantity  infiniment  petite.'  He 
then  speaks  of  Moigno  as  following  Cauchy,  and  winds  up  as 
follows] : — 

'  In  short,  instead  of  fearing  to  be  thought  singular  in  doing 
this  last  thing,  I  fear  rather  that  I  may  be  supposed  to  pretend  to 
originality  in  a  course  in  which  so  many  have  preceded  me.  But 
you  know  that  the  only  originality  I  pretend  to  consists  in  my 
having  combined  the  conception  of  the  finite  differential  with  that  of 
the  quaternion ;  and  so  constructed  a  calculus  which,  imperfect  as 
it  still  is,  admits  already  of  many  useful  applications,  and  has 
become  an  instrument  of  research  in  both  geometrical  and  physu^l 
questions. 

*  If  we  were  never  to  go  beyond  the  first  order ^  I  think  that 
infinitesimals^  as  they  are  very  natural^  might  also  perhaps  content 
us.  We  can  easily  picture  to  ourselves  little  triangles,  &c.  But 
when  we  try  to  imagine  an  infinitely  small  part  of  an  infinitely  small 
thing,  I  think  that  we  are  apt  to  become  confused  in  our  concep- 
tions; or  at  least  we  lose  all  that  facility  which  the  first  st^  had 
gained  ior  us.  I  know  that  it  is  possible  to  give  definitiom  by 
which  infinitesimals  may  have  as  respectable  a  size  as  any  one  can 
desire ;  but  it  is  (as  it  appears  to  me)  with  far  greater  violence  t^ 
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language  thau  any  which  any  use  of  the  word  differential  can 
require.  "  Infinite  "  is  a  good  old  English  phrase ;  is  it  more  {you 
can  tell,  which  I  can't)  than  about  ^if//  year^  since  ^^  DifferentiaV^ 
was  naturalised  in  our  language  ?  You  know,  of  course,  that 
Euler  (in  his  Imtitutiones  Calculi  Differentialis*]  held  that  difieren- 
tialsj  and  fluxions  toOy  were  rigorously  zeros. 

^  March  28. — Tou  see  that  I  am  in  for  the^wtV^  differentials  of 
quaternions ;  though,  as  you  say,  others  may  uncall  them  after- 
wards. After  all,  I  am  here  only  reproducing,  in  a  more  orderly 
manner,  and  I  hope  with  greater  clearness,  a  theory  which  was 
given  in  the  Lectures.^ 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  41,  Chalcot  Villas,  Adelaide  Egad,  N.W., 

'ApHl  1,  1862. 

*  I  have  received  the  Mourey.  Never  mind  the  cover.  Uno 
avulso  non  deficit  alter.  I  am  thoroughly  embusinessed  for  a  few 
days — after  which  at  you  again.' 

[Here  follows  a  long  letter  from  Hamilton,  dated  April  5th, 
<30ntaining  a  proof  by  quaternions  of  Taylor's  Theorem^  which  is  an 
anticipation  of  his  full  treatment  of  it  to  be  found  in  the  Elements^ 
pp,  423  .  .  432.  The  letter  concludes  with  a  P.S.  in  which  he 
reverts,  as  follows,  to  the  differential  question : — 

*  It  was  stupid  of  me,  when  writing  lately,  to  forget  that  you 
usCy  within  square  brackets,  the  symbol  dx  to  denote  the  differential 
of  X  in  Leibnitz^ s  sense^  as  signifying  an  infinitely  small  difference  ; 
but  I  think  that  the  current  now  runs  the  other  way  in  elementary 
books  ;  and  that  the  differential  qffx  is  now  generally  stated,  in  such, 
to  be  equal  to  the  second  term  of  the  development  ot/{x-\-dx),  where 
^  is  an  arbitrary  increment ;  although  some^  as  in  the  Notes  to 
Lacroix,  cited  in  a  former  letter,  define  dfx  to  be  that  second  term ; 

*  lioiiii,  1787. — The  first  passage  that  I  refer  to  occnrs  near  the  foot  of  page 
Ixii.  in  the  Praefaiio,  But  there  are  others  in  the  body  of  the  book.  Euler's 
only  infinitesimals  were  quantities  absolutely  null :  whose  ratios,  however,  were 
to  be  investigated. 
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while  others  give  an  independent  definition  of  the  derived  function 
fx  as  the  limit  of  a  ratio^  &o.,  and  then  write,  as  a  new  definitionj 
the  formnla  dfx  ^f'x .  dx! 

De  Morgan  prooeeds  as  follows  in  def enoe  of  his  view : — 

*  April  7.  .  .  .  Now  for  differentials.  The  following  is  my 
resume  of  belief  and  of  fact : — 

^  1.  Exclude  fluxions.  Fluxions  were  never  anything  but 
velocities.  I  believe  Newton  learnt  the  idea  from  the  intension  and 
remission  of  the  sohoolmen.  You  will  soon  receive  a  quotation  from 
me  on  this  point.  The  pure  infinitesimals  of  Leibnitz  mark  all,  I 
think,  of  the  continental  writers  of  note  down  to  Lagrange,  as 
Euler,  Clairaut,  D'Alembert,  &c.  Euler  has  a  vagary  about  0, 
but  his  dx  is  not  finite. 

*  2.  Lagrange  heads  a  small  school  on  whom  you  rely.  Lacroix 
and  Cauchy  are  its  chief  members.  Peacock,  when  a  young  man 
and  a  translator  of  Lacroix,  spoke  of  this  school  as  'Hhe  Analysts." 
Lagrange  used  infinitesimals  in  the  M^c,  AnaL  and  elsewhere.  All 
the  physical  vniters  do  it,  I  think.  All  the  mathematicians  do  it 
in  conversation. 

^  Cauchy  does  it  in  several  works,  of  which  you  have  quoted 
one.  In  the  last  (Moigno)  he  relaxes  and  gives  a  choice.  Moigno, 
p.  7.  ^*La  diSerentielle  sera  d'ailleurs,  en  g^n^ral,  une  quantite 
finie  ou  infiniment  petite,  suivant  que  I'aocroissement  Ax  =  dx  sera 
lui-mSme  fini  ou  infiniment  petit."  Looking  over  Cauohy's  former 
works,  I  have  no  doubt  the  dog  was  thinking  infinitesimals  all  the 
while  he  was  making  his  poor  young  readers  heave  them  up  into 
finitude. 

'  3.  There  is  a  reaction  against  Lagrange.  Duhamel,  Navier, 
Goumot,  are  pure  infinitesimalists.  Some  of  them  say  an  infinitely 
small  quantity  is  one  which  may  be  made  as  small  as  you  please. 
This  is  an  evasion  ;  but  they  do  not  mean  that  dx  ia  finite. 

*  Lagrange  dispensed  with  dx ;  Lacroix  and  Cauchy  are  your 
authorities.     Against  them  I  put  all  that  I  have  stated. 

*  The  integral  symbol  jydx  will  be  utterly  divested  of  analogy 
to  summation  upon  a  finite  dx.  And  this  would  be  a  sore  blow  to 
application. 

*  By-the-way,  Poisson  was  a  believer  in  the  reality  of  infinitely 
small  quantities — as  I  am.     But  it  is  late. 
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*  P.  S. — The  Differential  Oaloulus  was  introduced  into  Cam- 
bridge in  1816  ...  I  shall  seriouflly  propose  the  "a?  rate  of  y."  ' 

lyom  Sib  W.  E.  Hamilton  to  A.  De  Morgan. 

*  Obsbbyatoky,  April  19,  1862. 

' .  .  .  I  admit  that  in  the  symbol  fydx  we  naturally  treat  dx  as 
an  infinitesimal.  About  this,  however,  at  least  as  bearing  on 
quaternions,  I  may  have  something  more  to  say. 

*  The  Berkeleys  which  are  here  belong  to  the  Earl  of  Dunraven, 
an  old  friend  of  mine,  who  lent  them  to  me  long  ago,  but  wishes 
now  to  have  them  back  again.  Before  I  return  them,  is  there 
anything  that  I  could  extract  for  you  P  In  a  pamphlet  which  you 
lately  sent  me,  but  which  is  not  just  now  at  my  hand,  I  thought  you 
seemed  not  to  have  seen  the  Bishop's  "  Seasons  for  not  replying, 
Ac."  No  doubt  he  was  occasionally  waggish,  as  in  those  **  B>easonB," 
in  which  I  remember  his  remarking  that  perhaps  "  some  zealous 
fiuxionist"  might  think  it  worth  while  to  answer  Mr.  Walton. 
But  on  the  whole,  I  think  that  Berkeley  persuaded  himself  thst  he 
was  in  earnest  against  Fluxions,  especially  of  orders  higher  than 
the  first,  as  well  as  against  matter. 

*  I  quite  agree  with  you  that  it  is  an  evasion  to  call  things 
infinitesimals^  which  can  only  be  made  small.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  41,  Ghalcot  Yillas,  Adelaide  Road,  N.W., 

*  April  20,  1862. 

^ .  •  .  Quoad  Berkeley,  I  have  got  him  all.  ...  I  have  no  doubt 
Berkeley  knew  that  the  fiuxions  were  sound  enough.  Eemember 
that  there  had  been  three-quarters  of  a  century  of  indivisibles, 
infinitesimals,  &c.,  before  Leibnitz  published.  Wallace  alone 
wrote  more  of  it  than  Newton  and  Leibnitz  put  together,  but  not 
of  calculus^  i.  e.  organised  individual-into-species-collecting,  rule- 
ending-in  method. 

^  I  sent  you  a  Paper  on  Saturday.  At  the  end  you  may  form 
a  g^ess  where  Newton  first  got  the  hint  of  fiuxions.  I  do  not 
mean  from  D'Oresme,  but  from  some  of  the  intensionists.^  * 

*  Supra,  pp.  353  and  580. 
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From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  Obsebtatort,  April  22,  1862. 

*  Thanks  for  your  letter  received  to-day  and  your  Paper  (on 
Probabilities,  &o.)  yesterday.  The  concluding  extracts  and  remarks 
are  very  curious. 

*  I  don't  see  why  you  should  not  succeed — if  only,  as  you  say, 
you  could  provoke  discussion — in  introducing  your  "  a?-rate  of  y," 
instead  of  what  it  is  so  tedious  to  write  in  the  usual  manner.  But 
as  I  deal  in  quaternions,  not  with  ultimate  ratios^  but  with  ultimate 
iaics — not  with  rates  of  variation^  but  with  laws  0/ growth — or  in 
more  technical  language,  with  differential  equations^  and  not  with 
differential  coefficients^  your  new  phraseology,  good  as  it  is,  won't 
serve  my  purposes. 

'  I  hope  you  understand  me  as  admitting  that  any  one  who 
chooses  may  introduce  infinitesimals  into  quaternions,  just  as  freely 
as  into  what  may  be  called  (by  contrast)  algebra.  In  fact  I  find 
that  my  friend.  Dr.  Salmon,  in  an  Appendix  which  he  has  lately 
let  me  see,  though  it  is  not  yet  published,  to  what  will  doubtless 
be  a  very  valuable  volume  on  Geometry  of  Three  Dimensions,  just 
takes  the  bull  by  the  horns,  and  says  that  I  have  determined  (for 
instance)  the  radial  direction  of  a  normal  to  a  sphere  by  infinite- 
simals ;  and  of  course  I  do  think  habitually  of  small  triangles^  &c., 
in  geometrical  and  physical  applications, 

'  The  only  question  is,  need  tee  regard  differentials  as  other  than 
finite  ?  I  know  that  Euler  held  them  to  be  rigorottslt/  zeros ;  but  I 
observe  that  Mr.  Price,  in  a  book  on  "  Integral  Calculus  '*  (Oxford, 
1854),  which  I  thought  that  I  had  lost — it  is  called  Vol.  11.  of  a 
Treatise  on  '*  Infinitesimal  Calculus  " — stakes  up  infinitesimals  in 
the  boldest  manner. 

*  On  the  whole,  I  suppose  you  will  be  able  to  prove — or  may 
have  proved  already — that  you  have  the  weight  of  modem  authority 
on  your  side ;  but  I  still  hold  that  the  usage  is  not  so  settled  as  to 
make  it  improper  for  me  to  dejincy  in  my  otcn  book,  as  I  am  doing.^ 
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From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*41,  Chalcot  Villas,  Adblaidb  Road,  N.W., 

*  April  24,  1862. 

'  Many  thanks  for  Hart's  Paper.  I  shall  be  very  glad  to  keep 
it — as  the  author's  autograph  of  the  most  elaborate  and  success- 
ful bit  of  rectilinearity  I  ever  saw.  The  straight  line  is  really  a 
masterpiece  of  the  nature  of  things.  This  reminds  me  of  a  joke  I 
once  heard :  "  Sir  !  "  said  somebody,  "  there  is  no  straightforward- 
ness about  him  ;  all  he  says  is  a  parcel  of  fibs  from  one  end  to  the 
other !  "  "  No  straight-forwardness  ! "  was  the  answer.  "  Why ! 
by  your  own  account  he  lies  evenly  between  his  extreme  points !  " 

*  My  objection,  as  you  know,  is  to  your  calling  your  magnified 
terms  differentials.  All  the  rest  I  admit.  But  as  you  give  per- 
mission to  people  to  take  infinitesimals  if  they  like,  they  will 
do  it. 

*  I  think  that  people  will  not  rouse  themselves  either  to  approve 
or  disapprove  of  the  "  ;ir-rate  of  y." 

*  I  have  nothing  further  to  say  about  anything.  I  have  just 
dispatched  a  big  Paper  on  Logic  to  Cambridge,  which  I  hope  will 
be  the  last  of  a  directly  controversial  character. 

^  Here  is  a  bit  of  Latin  which  was  given  to  me  a  few  days 
ago:— 

*  *  'AciSe  f  iSuAAioy,  Bta, 

Felis  adest  oum  oithara, 
Vacca  lunam  transilit, 
Hoc  jocoso  motuB  yisu 
RumpitiiT  cateUus  risu, 
Cam  cochleari  lanx  abit." ' 


From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

*  Observatokt,  July  2,  1862. 

^  After  a  hitch  about  money,  the  impression  of  my  Flementshaa 
been  resumed,  and  I  send  you  (to  wind  up)  a  proof  of  the  sheet 
signed  this  morning. 

'It  completes  what  I  think  useful  to  say,  at  present,  about 
differentials  of  quaternions.  Tou  will  see  that  I  treat  them  (prac- 
tically) as  infinitesimals^  when  employed  for  purposes  of  integration. 
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What  follows  is  far  more  original,  but  I  fanoj  that  you  would  not 
care  for  it.' 

[In  the  middle  of  this  summer  De  Morgan,  though  not  chang- 
ing his  residenoe,  had  to  change  the  local  date  of  his  letters.  He 
thus  heads  a  letter  of  June  4, 1862  : — 

^  91y  Adelaide  Bead.     (No  more  Ghalcot  Yillas.) 

*  Says  the  Board  of  Works,  says  he,  be  it  knowed 
Your  house  is  91,  Adelaide  Road ; 
60  paint  it  up  where  it  may  be  showed  ; 
Or  ril  haTe  you  fined— if  I  don't,  I'm  blowed.' 

On  September  15  Hamilton  begins  a  communication,  occupying 
many  letters,  of  his  investigation  of  Eober's  Construction  of  the 
Heptagon.  I  have  already  {mpray  pp.  141 .  .  147)  given  an  account 
of  Hamilton's  work  on  this  subject.  Here  therefore  I  confine  myself 
to  printing  his  introduction  of  it  to  his  friend's  consideration ;  but 
I  add  some  incidental  observations  of  De  Morgan's  which  appear 
to  me  of  interest.  The  final  form  of  Hamilton's  treatment  of  the 
problem  is  to  be  found  in  the  Philosophtcal  Magazine  of  Februaiy, 
1864.] 

JF^om  the  Samb  to  the  Samb. 

<  Obsebyato&t,  September  15,  1862. 

'  Are  you  aware  that  it  is  possible  with  only  six  extractions  of 
square  roofs  {ttco  being  those  required  for  chord  and  tangent  of 
36®)  to  approach  so  nearly  to  the  cosine  of  the  seventh  part  of  four 
right  angles,  or  to  the  positive  root  of  the  cubtc^ 

that  the  sevenfold  arc  resulting  shall  err  (in  defect)  by  only  about 
half  a  second  irom  the  true  and  whole  circumference  P  so  that  for 
all  practical  purposes  a  regular  heptagon  can  be  constructed  by  the 
right  line  and  circle  alone. 

*  My  part  in  the  matter  is  merely  the  having  assigned,  this 
morning,  how  much  the  construction  errs.  The  rule  itself  is  attri- 
buted by  Bober — and  with  great  plausibiUiy,  as  it  seems  to  me  at 
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present — to  the  ancient  Egyptians,  who  appear  to  have  employed 
the  heptagon  in  the  architecture  ol  some  of  their  temples.  The 
elder  Bober  was  Professor  of  Architecture  at  Dresden  about 
thirty  years  ago ;  and  instead  of  claiming  the  construction  as  Aiis 
<mn^  professed  (as  I  understand)  to  have  divined  it  from  a  study  of 
those  ancient  buildings.  His  son,  Friedrich  Bober,  published  it  at 
Dresden  in  1854,  in  a  German  Memoir  on  the  Egyptian  Temples, 
&o.,  which  was  sent  me,  with  another  on  the  Pyramids,  from  an 
imknown  friend  in  Switzerland,  through  a  son-in-law  of  the  Arch- 
bishop of  Dublin  ;  so  oddly  do  things  come  about. 

'  When  I  began  to  examine  the  construction,  I  expected  to  find 
some  considerable  error ;  and  was  astounded  to  find  that  I  could  not, 
with  Taylor's  Logarithms,  decide  to  my  own  satisfaction  whether 
the  error,  assumed  of  course  to  exist,  was  in  excess^  or  in  defect. 
The  consequence  was  that  I  threw  tables  entirely  aside  (except,  you 
may  say,  the  multiplication  table,  which  pound  and  mil  will  make 
at  last  the  only  one  for  common  life) ;  performed  all  operations  by 
arithmetic  alone,  extractions  being  the  chief,  yet  scarcely  the  chief 
trouble,  such  long  though  contracted  multiplications  were  to  be 
employed,  when  I  aimed  at  15  decimal  places ;  and  finally  arrived 
at  results  of  which  I  have  given  you  the  general  outline  .  .  . 

*  Will  you  tell  me  how  you  would  find,  by  Horner's  Method — 
which  I  once  kneWy  but  have  never  really  practised — the  root  x  of 
the  cubic  above  mentioned  ?  I  made  it  this  morning  by  a  clumsy 
process, 

a;  =  cos  y  =  0-62348  98018  5873  45. 

You  wrote  to  me,  a  good  many  years  ago,  on  the  subject ;  but  I  do 
not  know  just  now  where  that  letter  of  yours  is ' 

I\*om  A.  Db  Morgan  to  Sir  W.  R.  Hamilton. 

'  91,  Adelaide  Road,  September  18,  1862. 
l  +  8a+3* 

*I  can  believe  anything  of  six  square  roots.  But  I  cannot 
believe  that  the  Egyptians  employed  them — though  they  may 
have  hit  on  a  method  which  requires  six  square  roots  to  represent 
it  arithmetically. 

^  I  send  you  every  figure  of  my  first  attempt  at  the  solution  of 
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the  equations — done  just  as  my  pupils  are  made  to  do  it.  Homer 
himself  did  not  hit  the  extreme  of  organisation.  He  and  Young — 
his  earliest  expositor — ^both  got  the  plaoes  to  be  thrown  away  in 
oontraction,  by  mother- wit  and  look-out.  The  process  I  send  you  is 
purely  mechanical,  and  done  as  a  skeleton  from  beginning  to  end. 
You  will  find  my  scheme  in  an  Appendix  to  my  Arithmetic. 

^As  to  the  rest,  meaning  everything  in  existence  except 
Horner's  Method,  I  have  nothing  particular  to  say.  I  have  some 
remembrance  of  a  good  approximation  to  a  heptagon  in  the  com* 
mon  books  of  mensuration.  But,  after  all,  nothing  is  so  short, 
even  for  most  accurate  work,  as  pure  trial  with  the  compasses. 
With  Aatr-compasses,  I  would  beat  all  the  methods,  in  time  and 
accuracy  both.  Do  you  know  the  A(7t>-compasse8  P  .  .  .  I  should 
like  to  see  the  formula  of  the  six  square  roots. 

*  September  23. — ^You  have  got  the  principle  of  Homer's  Method 
. . .  The  table  of  Pitiscus  is  his  corrected  Bheticus — the  Thesaurus 
— for  which  see  my  article  on  Tables.  It  is  rarissimus.  I  have 
Cavendish's  copy.  The  Duke  of  Devonshire  sold  all  Cavendish's 
books — which  looks  odd.  But  all  the  C.'s  hate  their  great  chemical 
relation — and  with  good  reason.  He  was  a  heartless  brute.  The 
original  Bheticus,  the  Opus  Palatinum,  will  do  well  enough ;  it  is 
not  quite  so  rare.  Or  Briggs'  Arithmetica  Britannica.  Take 
notice  that  Homer's  Method  is  not  algebra.  It  is  pure  arithmetical 
organon — the  true  extension  of  division  and  the  square-root. 
Whether  Homer's  immediate  predecessor  is  a  Sanscrit,  or  a  Tartar, 
or  an  antediluvian,  nobody  knows. 

'  I  am  surprised  that  the  Egyptians  should  have  got  so  close  a 
method — and  I  admire  Bober's  ingenuity.  But  I  am  no  way 
surprised  at  six  square  roots  giving  15  places  .  .  .  Seeing  that  my 
last  figures  differed  from  yours,  I  repeated  the  calculation,  and  find 
your  figures  are  right  ab  ovo  (.)  tisque  ad  mala  [mala — apples  of  dis- 
cord, the  last  figures  of  a  calculation).  I  also  verified  it  by  old 
Pitiscus  as  in  accompanying  Paper.' 

*  September  29. — [Replying  to  Hamilton  writing  *  I  should  like 
to  know  exactly  ichat  you  claim^  in  relation  to  Horner's  Method. 
Is  it  more  than  the  arrangement  of  the  figures,  which,  however,  I 
hold  to  be  of  vast  importance  in  a  long  calculation  P ']  You  evidently 
like  calculation,  in  spite  of  sky-high  quaternions,  &c.  If  you  had 
not  the  organ  in  your  head,  not  all  the  quaternions  could  give  it. 
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I  take  it  that  you  and  I  are  the  only  persons  who  know  -=■  to  22 
plaoes. 

*  As  to  what  I  claim,  I  know  not  how  much  it  is  ;  hut  I  know 
what  it  is.  I  know  that  I  hridged  the  ohasm — how  many  arches  it 
took  I  do  not  know — which  separated  Homer  and  his  followers 
from  seeing  that  his  method  is  the  natural  and  proper  development 
of  common  arithmetic;  so  that  division  and  the  square-root  are 
true  cases  of  the  whole  method.  Homer  himself  did  not  see  his 
own  fame ;  did  not  know  that  he  was  the  first  European  who  had 
gone  beyond  the  nameless  Brahmin,  Tartar,  antediluvian — which- 
ever he  was — who  constructed  the  rule  for  the  square-root.  He 
had  high  notions,  and  looked  upon  his  method — very  justly — as  a 
particular  case  of  one  which  would  solve,  say  0?"*"*  +  (l-a?*)'»""'*=l> 
if  there  be  a  real  solution,  on  which  I  do  not  pronounce. 

*  My  history  of  the  problem  is  in  the  Companion  to  the  Almanac 
for  1839.  The  article  on  Involution  in  the  English  CyclopcBdia 
unites  two  articles  of  the  Penny  Cyclopcedia.  Part  16  of  the  Division 
of  Arts  and  Sciences  contained  all  the  letter  I ;  and  I  find  I  may 
say  "pars  magna  fui."  Witness:  Incommensurables,  Infinity, 
Involution,  Integration  (common  and  definite),  Invention  and 
Discovery,  Irrational  quantities  (the  only  modem  accoimt  of  the 
10th  Book  of  Euclid),  Interest. 

*  P.S. — I  know  all  about  Homer  but  his  name.  He  is  W.  O. 
Homer — but  I  never  saw  it  stated  what  W  and  Q-  stand  for. 

^November  16. — [Referring  to  a  proposition  suggested  by  a 
mode  of  tracing  an  hyperbola  communicated  by  a  Pennsylvanian 
visitor,  he  writes]  : — *  I  do  not  remember  the  class  of  propositions 
to  which  this  belongs.  I  care  no  more  for  an  isolated  theorem 
now,  in  these  things,  than  for  22  +  13  =  35,  or  any  other  case  of 
addition.  What  is  the  connexion  of  all  this  with  higher  genera- 
lisations P  And  as  I  attend  to  it  only  once  a  year,  when  teaching 
comes  on,  I  always  write  to  Ireland  for  a  wrinkle  about  conies  or 
quarics  ( — I  will  not  say  quatifrics — quarr^e,  carr^ — I  am  not  sure 
I  will  not  stand  up  for  carries  or  caries)  when  I  want  one.  It  ia 
"  Please  remember  the  grotto — only  once  a  year  " — whether  you 
understand  the  allusion  or  not. 

*  I  am  excogitating  the  subject  of  infinity — with  a  view  of 
writing  upon  it.     There  is  a  question  I  put  to  every  thinking  man 
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who  oomes  in  mj  way — /  have  tartoua  anstoeri^  Consider  space  as 
objectively  external — merely  for  convenience.  Does  the  totum 
Bpatium — the  universe  of  space — contain  twice  as  many  pints  as 
quarts  P  Yes  or  no.  No  refinements  about  inconceivabilities,  &c.y 
&c.  I  think  the  idea  of  measuring  out  infinite  space  in  quart 
measures  a  very  grand  one.  For  myself — after  trying  for  years 
to  evade  it  psychologically^  ontologically,  pseudologically,  and 
amosgepotically — I  find  no  rest  for  the  sole  of  my  foot  except 
upon  the  assertion — which  I  now  fully  believe — ^that  the  imiverse 
doBB  contain  twice  as  many  pints  as  quarts.  That  is,  if  worth  2d, 
a  quart,  it  is  worth  Irf.  a  pint.  Tou  surely  cannot  deny  this — ^and 
how  can  it  be  unless  there  be  twice  as  many  pints  as  quarts  P 

*  Amosgepotically — aftoKrycircnc — somehow  or  other.  I  have  got 
this  word  to  express  my  way  of  explaining  things.  If  I  am  asked 
— ^as  an  omniscient  philosopher — for  the  why  of  anything — and  I 
say  I  don't  know,  I  am  despised — if  I  say  it  happens  somehow  or 
other,  I  am  looked  upon  as  a  very  common  sort  of  thinker ;  but  if 
I  say  it  happens  amosgepotically ^  I  at  once  take  rank  with  the  high 
aristocracy.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  91,  Adelaide  Road,  April  13,  1863. 

'  Are  you  gone  to  the  moon,  or  to  Java,  or  have  you  eloped 
with  a  mermaid  P  These  are  three  of  the  possible  questions,  and 
are  put  as  specimens ;  the  whole  list  is  too  long.  I  should  like  to 
know  among  other  things  when  the  quaternions  will  be  finished . . . 

^  I  have  been  jotting  down  my  ideas  about  infinity ;  that  is 
quantitative  infinity,  not  the  absolute,  or  the  unconditioned,  or  zero 
passing  into  being,  or  any  of  the  Nicotian*  views  of  the  subject. 
I  want  to  test  the  question  whether  mathematicians  do  or  do  not 
actually  admit  an  infinitely  small  quantity,  by  premises  from  which 
it  may  be  actually  squeezed,  as  therein  contained.     If  I  say  that 

AB is  a^  infinitely  small  part  of  a  line,  I  make  it  so, 

and  I  cannot  be  said  to  have  deduced  it.  I  may  say,  it  shall  be 
any  finite  line,  however  small,  but  I  will  not,  by  assumption, 

introduce  any  line  except  what  is  between  —  and of  the  whole* 

•^  ^  n  n 


*  SuprOf  p.  446. 
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where  m  and  n  are  two  finite  numbers.  Certainly  a  person  who 
takes  this  ground  may  avoid  being  forced  to  acknowledge  an 
infinitesimal. 

^  But  now,  take  him  this  way.  He  admits  the  concept,  a  straight 
line.  He  admits  the  concept,  a  point.  He  acknowledges  that  the 
straight  line  contains  an  infinite  number  of  points ;  that  is,  more  than 
any  finite  number  which  can  be  named.  This  is  the  common  ground 
of  all  mathematicians.  He  then  hands  me  over  a  gen\M^  namely^ 
that  of  which  the  individual  is  a  point  in  a  given  straight  line. 
From  this  genus  I  have  a  right  to  select  a  species  by  any  difiference  I 
please.  I  select  by  this  difference — "  dividing  the  whole  into  two 
commensurable  parts  " — say  each  such  point  is  a  0.  He  grants  me 
all  the  C's,  because  he  gave  them  as  individuals  of  an  acknowledged 
genus.  He  will  grant  me  that  no  part  of  the  straight  line  has  all 
its  points  among  the  C's ;  that  is,  he  grants  an  interval  of  length 
between  every  two  C's.  I  come  at  these  intervals  of  length  as 
necessary  results  of  his  own  data  and  admissions.  Now,  all  the 
C's  being  taken,  that  is,  selected  from  his  genu%^  what  are  these 
intervals?  Are  they  finite?  Certainly  not;  they  are  then 
infinitely  small. 

'  Here  are  points  which  approach  without  limit,  and  do  not 
ultimately  coincide.  Or  rather,  without  any  subsequently  ordained 
approach,  here  are  points  which  do  not  coincide,  but  the  distance 
between  which  is  less  than  any  finite  quantity  which  can  be  named. 
Not  laid  down  for  that  purpose  and  upon  that  hypothesis,  nor 
increased  ad  infinitum  by  the  proponent,  but  selected  from  a  greater 
infinite  acknowledged  by  all,  andj  handed  to  him  by  common 
consent. 

*•  It  appears  to  me  that  there  is  no  getting  out  of  the  concept — 
concept  without  image-— oi  an  infinitesimal,  as  actually  necessary  to 
what  all  admit.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

'  Observatort,  Ajjril  16,  1863. 

* ...  I  remember  your  proposing  to  me  a  question  on  the 
Cubature  of  Space^  to  which  I  thought  of  replying  by  a  question 
respecting  the  Quadrature  of  the  Infinitely  Distant  Surface,  Fine 
fun  there  will  be  for  the  Hamiltonians — I  do  not  mean  myself — 
when  you  come  out  with  your  pints  and  quarts  of  infinity  ! 
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*'  But  it  appears  to  me  a  most  legitimate  and  interesting  subject 
of  psychological  and  literary  inquiry,  what  do  mathematicians  mean 
when  they  talk  of  infinites  and  infinitesimals  ? 

*  Has  it  ever  struck  yourself — as  it  does  me — that  you  believe 
more  in  infinites  now  than  when  you  wrote  your  ^'  Differential  and 
Integral  Calculus  "  P  I  catch  myself  believing  occasionally  in  the 
litie  at  infinity  in  a  given  plane^  and  what  is  far  more  odd  (yet  use- 
ful),  \hQ  plane  and  circle  at  infinity  in  space.  Then  I  look  dotcn  on 
myself! — ^but  not  on  you.* 

Fi*om  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

*  91,  Adelaide  Road,  Ayril  26,  1863. 

'  I  do  not  believe  in  infinity  more  than  I  did  in  my  **  Differential 
Calculus  " ;  but  I  certainly  had  not  so  decided  a  belief,  only  a  lean- 
ing. The  fact — which  I  shall  promulgate — is  this.  When  I  was 
a  boy  at  Cambridge,  I  observed  that  the  first  thing  every  high 
undergraduate,  and  every  mature  B.A.  did,  was  to  settle  definitely 
and  irrevocably  the  true  foundation  of  the  Diff.  Calc.  I  saw  this, 
and  made  up  my  mind  that  they  ought  to  wait,  and  that  I  tvould 
wait.  All  these  years — say  38—1  have  pondered  the  subject,  with 
a  resolution  never  to  commit  myself  on  the  wrong  side  of  fifty. 
And  now,  having  with  a  very  unbiassed  and  very  long  meditation 
on  the  subject  made  myself  sure  that  infinity  is  a  subjective  reality, 
I  intend  that  it  shall  be  so  for  the  future.  But  I  leave  all  other 
minds  to  stand  on  their  own  bases.  I  do  not  assume  that  it  is  a 
subjective  reality  in  another  subject. 

'  But  I  do  not  say  that  two  parallel  straight  lines  meet  at  an 
infinite  distance.  They  meet  never.  And  I  distinguish  ^  from  all 
the  lower  infinites,  by  the  same  distinction  which  exists  been  0  and 
the  infinitesimals. 

'  I  am  seriously  of  opinion  that  we  should  constantly  flounder 
and  get  wrong  in  using  limits^  if  we  had  not  the  light  of  infinity 
to  guide  us.' 

From  the  Same  to  the  Same. 

91,  Adelaide  Road,  July  31,  1863. 

*  ...  I  have  got  out  of  logic  for  the  moment — I  suppose  you 
received  a  paper  from  me^-and  am  now  thinking  seriously  of  my 
attack  on  infinity. 
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*  But,  first,  I  am  collecting  all  mj  queer  books,  circle-squaring, 
earth-fixing,  &o.,  &c.,  &c.,  and  making  short  notices.  It  is  a  won- 
derful sight,  when  many  of  these  things  come  together.  I  should 
not  like  to  meet  the  whole  set  in  conclave  assembled.  I  should 
recall  the  apothegm  attributed  to  Whewell,  when  he  came  up, 
quite  fresh  and  northern,  to  Cambridge.  Watching  a  herd  of 
fiwine  going  along  the  street,  he  remarked — "  They're  a  hard  thing 
to  drive— very— when  there's  many  of  'em— is  a  pig." 

^  You  will  make  a  very  big  book  of  the  new  quaternions.  Is 
this  your  elementary  summary  P  You  or  some  one  else  must  do 
this.' 

[In  October,  1863,  Hamilton  refers  to  De  Morgan  the  method 
of  contracted  multiplication  devised  by  Mr.  Boyers,  a  self-taught 
arithmetician  in  the  employment  of  Mr.  J.  G.  Eathbome  of 
Dublin.  It  has  been  mentioned  supra^  p.  152.  De  Morgan's 
comments  upon  it  are  of  interest.] 

From  the  Samb  to  the  Same. 

<  91,  ADELA.IDE  KoAD,  October  21,  1863. 

^  I  have  seen  the  attempt  you  point  out  in  various  places,  and 
under  [various  modifications.  I  can  hardly  say  where.  (Folio, 
London,  1750.)  "A  method  to  multiply  or  divide  any  number  of 
figures  by  a  like  or  a  less  number,  so  expeditely,  that  any  fifty 
figures  may  either  be  multiplied  or  divided  by  any  fifty  figures,  all 
in  one  line,  in  five  minutes'  time  ..."  "Invented  by  duin 
Mackenzie-Quin,  Esq.,  at  the  eighth  year  of  his  age."  The  "  five 
minutes'  time"  is  all  nonsense — but  the  principle  is  something  like 
that  you  speak  of. 

^  The  thing  saved  is  tcriiing^  and  nothing  else.  All  the  opera- 
tions are  those  which  must  be  done  in  any  case.  Now,  writing  is 
the  least  of  all  the  troubles,  when  the  pen  is  in  hand.  Aud  the 
carrying  so  many  figures  in  the  head  is  a  perplexity.  Anyone 
who  could  do  the  short  method  with  ease  could  do  the  common 
method  much  more  easily.  I  mean,  both  as  to  time  and  trouble. 
Nothing  has  ever  come  into  use  in  arithmetic  which  combines  two 
really  distinct  operations  in  one,  except  when  the  second  operation 
has  no  new  fag ^  as  in  doing  the  multiplication  and  subtraction  in 
one,  in  dividing. 
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'  I  hold  that  nothing  can  be  with  profit  a  single  operation 
which  is  anything  bnt  one  of  those  in  the  first  Appendix  of  my 
Arithmetic.  Laborious  and  rapid  calculators  there  are  many,  who 
know  the  method — for  anyone  could  invent  it — ^but  they  know 
from  experience  that  such  abbreviations  do  not  pay.  The  risk  of 
error  is  very  great. 

^  The  lowest  operations  of  arithmetic  must  be  painless.  If  any- 
one is  so  quick  that  ad^  +  be'  +  cV  +  dd  is  a  painless  operation,  he 
may  be  safe  in  using  the  short  method. 

*  A  person  in  love  with  a  short  method — the  inventor,  for  in- 
stance— puts  on  all  the  steam,  and  gets  power  by  practice.  But 
what  would  he  have  done  with  the  common  methods  if  he  had  put 
on  as  much  energy  to  them  P  When  old  Mr.  Weller  was  taunted 
with  the  speed  of  the  railway,  he  retorted,  '^  What  rate  do  you 
think  I  could  have  kept  a  coach  going  at  for  £100,000  a  mile,  paid 
in  advance  P  **  * 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  Obsertatort,  October  23,  1863. 

*  There  is  great  sense  in  what  you  say  about  the  method  of 
contracted  multiplication  which  had  been  sent  to  me ;  in  the  veiy 
example  selected,  the  inventor  had  made  several  mistakes,  after  the 
first  few  lines.  I  think  that  you  and  I  could  use  the  method  safely, 
precisely  because  we  don't  want  it.  Still  it  was  new  to  me^  as  a 
metJiod  of  uriting  (and  arranging)  the  steps  of  a  long  multipli- 
cation ;  .  .  . 

IVom  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  91,  Adelaide  Road,  October  10,  1863. 

^  I  have  found,  by  accident,  perhaps  the  last  version  of  the  rule 
of  multiplication  in  existence.  It  is  by  Lieutenant-Colonel  Oakes 
of  the  Indian  Army  ;  and  is  in  the  ^*  Assurance  Magazine "  for 
January,  1863.  He  takes  the  multiplier  and  reverses  it  on  a  bit  of 
card,  which  is  really  essential  when  the  figures  are  many.  Thus, 
in  an  example,  he  proceeds  as  on  the  other  side.  But  I  have  seen 
it  several  times  before :  never  with  the  reversal,  I  think.  Perhaps 
the  rule  is  not  to  be  despised  when  neither  factor  exceeds  three 
figures. 
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*P.  S. — There  are  no  more  processes  in  [an  example  of  the 
common  method]  than  in  the  %hori  way.  And  the  head-work  of 
the  addition  is  petrifaction  and  worse.  I  would  rather  be  a  skeleton 
in  the  drift,  and  hear  philosophers  swearing  I  was  two  million 
years  old,  when  I  knew  I  was  not  two  thousand,  than  have  much 
to  do  with  it/ 

From  Sir  W.  E.  Hamilton  io  A.  Db  Morgan. 

<  Obskbyatoby,  October  24,  1863. 

Betuming  to  the  subject  of  Homer's  Method,  Hamilton  asks 
De  Morgan  : — *  Should  you  consider  a  schoolboy  unusually  dull, 
who  could  not  be  taught  to  practise  this  contracted  method  safely  P 

^  As  to  Homer's  Method,  generally^  it  might  perhaps  be  de- 
scribed, in  arithmetics,  as  Complex  Evolution;  and  a  good 
preparation  for  it  might  be  the  Eule  of  Complex  Involution  cor- 
responding ;  namely,  one  for  calculating  a^  +  3^^,  &c.,  or  even  ot^ 
itself.' 

Froni  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

<91,  Adelaide  Road,  October  28,  1863. 

* ...  I  find  the  boys  in  my  classes  take  Homer  very  well,  con- 
traction and  all. 

*  Peter  Nicholson  called  it  jEvolution,  and  I  followed  him. 
According  to  him,  the  name  Involution  is  extended  from 

(((a?+0)a?  +  0)jj  +  0)a?+0... 
to 

( ( (a?  +  a)  a?  +  J)  a?  +  c)  a?  +  rf .  . . 

and  Evolution  is  its  inverse. 

*  But  in  teaching  calculation,  it  is  only  those  who  have  the  spirit 
to  give,  who  can  give  it.  It  will  not  go  through  unworthy  vessels, 
like  the  Apostolic  succession.  A  calculator  who  meets  his  class  with 
a  out-and-dry  example,  prepared  by  himself  beforehand^  will  not 
make  his  followers  believe  in  themselves:  how  should  they, 
when  he  does  not  believe  in  AtmselfP  He  must  invent  the 
example  before  their  eyes,  throw  himself  into  it,  as  he  would  have 
them  do ;  and  make  his  mistakes,  as  he  knows  they  will  do. 

'  So  no  more,  it  being  time  to  go  to  roost  and  leave  roots. 
VOL.  in.  2  Q 
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^Notember  8.  ...  I  have  had  a  letter  from  an  X.  T.  Z.,  who 
assures  me  that,  if  I  do  not  attend  to  it,  my  reputation  will  suffer. 
It  is  James  Smith's  diagram,  method,  conclusion,  and  style ;  and 
I  have  no  doubt  that  J.  S.  is  the  man.  He  says,  alluding  no 
doubt  to  you,  that  some  calculations  would  make  it  seem  that  the 
20-8ided  (he  says  24-8ided)  polygon  is  more  than  3*125  times  the 
diameter,  which  is  a  very  curious  paradox  and  ^'  easily  explainable." 
But  he  does  not  condescend  to  explain.  Well !  If  I  go,  you  go 
too — that's  one  comfort.  What  a  queer  lot  I  have  to  deal  with ! 
One  fellow,  who  signs  /'o\,  sends  an  interpretation  of  666  twice 
a-week.  Ex.  gr,  cabbala — x<>|3j3aXA,  and  chemistry — x'M^'^ — ^ 
he  will  have  it  spelt.  He  begs  me  to  remember,  when  the  millen- 
nium comes — soon — that  he  told  me.  I  take  him,  from  the  symbol, 
to  be  the  round  man  in  the  three-cornered  hole,  if  you  know  the 
joke.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

*  Observatobt,  November  10,  1863. 

* .  .  .  Have  you  read  even  the  early  part  of  Cotes's  Harmonia 
Menmrarum  P  It  is  really  a  work  of  genius,  and  I  quite  agree 
with  its  author,  in  considering  Batio*  as  a  QiMntity  sui  generis  of 
which  a  Logarithm  is  the  Numeral  Measure.  ('^  Logarithmi  sunt 
rationum  mensuro)  Numerales.")  A  duplicate  ratio  is  really,  in  his 
view,  9kdouble  ratioy  or  has  a  double  measure f  in  any  System  o/MeasureSy 
which  latter  may  be  quantities^  of  any  sort.  ("  Hsb  mensurse  sunt 
quautitates  cujuscunque  generis,  quorum  magnitudines  magnitudi- 
nibus  rationum  sunt  analogae.")  The  Modulus  of  any  System  is 
the  arbitrarily  adopted  measure  in  that  system  of  the  fixed  Modular 
Ratio  ofl+-|-  +  ^  +  -J^  +  -3V+  *o*>  ^  1 J  ^^**  is,  of  c  to  1,  if 

—  =  1 ;  for  though  Cotes  does  not  use  this  notation  of  definite 


1 


X 


*  I  have  long  since  studied  and  admired  the  fifth  Book  of  Euclid.  Bat  the 
timidity  of  Euclid  in  dealing  with  Jiatio  as  a  quantity — which  he  neTer 
expressly  does  that  I  know  of— delayed  the  discovery  of  Logarithms  by  almost 
two  thousand  years. 

t  At  least  any  quantities  which  admit  of  contrary  affections.  {**  Rationes 
qu8B  dicuntur  majoris  et  minoris  inequalitatis  oontrarias  habent  magnitudinum 
suarom  affeotiones.'') 
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infegralsy  he  employs  the  things  themselves.  In  several  applications, 
his  modulus  M  is  a  line ;  for  example,  in  his  rectification  of  the 
Apollonian  parabola  it  is  the  distance  AF  from  vertex  to  focus. 
In  other  applications,  it  is  an  area;  for  instance,  in  one  of  his 
quadratures  of  the  hyperbola  it  is  a  parallelogram^  and  in  another  it 
is  a  triangle.  In  Briggs^s  Systeniy  or  Canon,  Cotes  sajs  that  it  is 
0,434294481903,  &c.  He  makes  no  mention  of  Napier  !  At  least 
I  have  not  been  able  io  find  any  such  mention,  in  the  places  where 
I  should  have  expected  to  meet  it,  either  in  the  "  Harmonia  "  &c. 
itself  J  or  in  such  notes  by  the  editor  (Robert  Smith)  as  I  have  looked 
into.  Is  not  this  very  extraordinary  ?  Was  it  because  Napier  was 
a  Scotchman  ?  Can  they  have  hoped  that  Briggs  would  be  remem- 
bered, and  Napier  forgotten  P  I  shall  really  be  much  obliged  by 
your  correcting  me,  if  you  have  observed  any  reference  to,  or 
mention  of,  the  true  discoverer.     My  copy  is  dated  "  Cantabrigisa, 

MDCCXXII." 

^  Of  course  the  modulus  of  the  natural  (or  Naperian)  logarithms  is 
positive  unity;  for  it  might  be  a  negative  number ^  in  some  other  system. 

-,  to  denote  the  measure^  to  the  (numeral, 

or  linear,  or  superficial)  modulus  M  ("  pro  modulo . . .")  of  the  ratio 
which  the  magnitude  b  bears  to  the  magnitude  a  of  the  same  kind. 
Many  of  his  formulae  are  therefore  translated  into  more  modem 

-  =  log.  - ;  where  the  log.  is  the  natural 
a        ^  a  ^ 

one. 

'  An  Angle,  liks  a  ratio^  may  be  variously  measured;  but  Cotes 
appears  to  consider  (and  B.  Smith  expressly  calls)  that  well-known 
angle,  which  an  arc  equal  in  length  to  the  radius  of  a  circle  subtends 
at  the  centre,  the  Modular  Angle  ;  and  the  measure  of  this  angle, 
whatever  it  may  be  in  any  particular  System  of  Measures  of  Angles, 
is  called  the  Modulus  of  that  System. 

*  If,  for  instance,  angles  be  measured  by  sexagesimal  degrees,  or 
if  the  Measure  of  an  Angular  Degree  be  assumed  to  be  Unity,  then 
in  that  System,  the  Modulus  is  57'2957795130,  &c.  (I  copy  these 
figures  without  examining  them.)  The  modulus  of  our  ustutl 
theoretical  system  of  angular  measures  is  unity. 

^  Cotes's  Harmony  of  Measures  appears  to  consist  chiefly  in  tliis. 

2QS 


Cotes  uses  the  notation  M 


ones,  by  simply  reading 
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Ue  seems  to  have  peroeived,  though  not  in  our  notations,  that 
(/ .  a  tan  -  =    , — ^,,  and  a .  6  log     ^  «  . 

Making,  then,  b  =  ta  (t  =  v^-1),  we  have 

d.ialog  ■  =  rf .  a  tan"*  -  : 

in  fact,  a  X  =  a  tan  r,  and  if  tee  admit  that  log  (oos  t^-tsin  v)  »  -tr, 
we  have  thus 

ia  lofi:  »  =  at;  +  ta  log  t «  at?  +  const. 

(I  am  aware  that  a  different  constant  might  be  taken  here,  but  this 

is  immaterial,  when  only  the  indefinite  integral  is  wanted.) 

*  Hence,  when  in  his  Tables  of  Forms  of  Fluents*  he  arrives  at  a 

p  j_  7* 
— ^,  where  22  is  a  constant  given  b j 

its  square,  jT  is  a  variable,  and  iS*  =  jP-iJ*,  R  being  at  first  sup- 
posed to  be  realy  he  directs  his  readers  to  substitute  in  the  case 
B^kO^  instead  of  what  we  should  write  as 

jB  loff  —  ,  what  is  in  our  notations,  ,/r»«tRn-»  -  • 

or  what  he  calls  the  measure  of  this  last  angle^  to  the  modulus 

^  Cotes  drops  a  remark  in  passing  (p.  28),  from  which  it  appears 
— as  other  parts  of  his  writings  also  indicate — that  he  vtss  familiar 
with  the  theorem  which  we  write  as  €'•  »  cos  0  +  t  sin  0 ;  or  as 
log  (cos  0  +  t  sin  0)  B 10,  in  the  most  elementary  form  of  this  last 
logarithm ;  although  I  think  that  "  ducta  in  y/- 1 "  ought  to  be 
"  divisa  per  ^- 1,"  in  the  particular  passage  referred  to.  In  the 
next  page  he  refers  to  Cardan's  Eule,  &c.,  as  showing :  "  qualis 
sit  ordo  NatursB  transeuntis  ad  Anguli  trisectionem  a  trisectione 
Rationis." 


term  or  factor  of  the  form  R 


•  Or  perhaps,  rather,  Tables  of  Fluents  for  certain  Forms  of  Fluxions.   Hav& 
these  been  all  absorbed  in  recent  Tables  P 
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*  He  seems — and  so  does  his  editor,  E.  Smith — ^to  use  Fluxiom 
as  Infiiiiteaimah  always;  at  least  I  have  not  notioed  an  exception.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton, 

'91,  Adelaide  £oad,  November  14,  1863. 

'  I  knew  the  Harmonia  Mensurarum  many  years  ago,  and  I 

have  looked  again  at  the  beginning.     I  do  not  think  Cotes  meant 

to  suppress  Napier ;  his  'Uogarithmus  Briggianua^^  is  used  as  opposed 

to  something  ehe^  and  that  he  knew  was  Napier's  in  the  mind  of 

all  his  readers.     He  was  very  young,  and  young  men  are  not 

historians.     Perhaps  he  had  never  seen  Napier's  works.     You 

may  not  be  aware  that  Napier  did  not  use  what  toe  call  Naperian 

m 
logs.    He  had  a  modification.     His  log  —  is  our  10  +  log  n  -  log  m 

(Naperian).  Moreover,  he  gave  only  sines,  &o.  Speidell  (1619) 
first  published  our  Naperian  logs  of  numbers  in  which  No  =  ^, 
Cotes  knew  logs,  probably,  only  through  Ylacq's  version  of  Briggs. 

*  I  object  to  Halley's  and  Cotes's  mensura  rationia.  Men8ura.i& 
not  the  word.  I  take  it  that  ratio  is  a  quantity  per  w,  of  which 
common  number  and  fraction  are  the  simplest  cases.  But  I  cannot 
double  the  ratio  of  4  to  3  into  anything  but  that  of  8  to  3.  I 
admit  that  the  operation  x  ^  done  twice  is  x  ^^  and  the  Aoyoiv 
ipiOfxog  is  a  very  happy  idea.  But  I  cannot  hold  that  the  number 
of  operations  is  a  measure  of  the  work  done,  when  each  operation 
works  upon  all  the  preceding  work.  Let  <itx  be  a  function  of  Xy 
and  let  0  (^a:)  be  0*2?,  &c.     We  may  proceed  by  jumps  from  0  to  00 

through  X  <fiX  tp^x  <p^x  ...  If  we  extend  our  notions,  and  invent  ^".r, 

m 
we  may  proceed  continuously  by  continuous  variation  of  -  ;  but 


m 


n 


—  is  not  in  any  sense  a  measure  of  the  value  of  0"  x.     If  <l>x  =  ax^ 

we  have  the  system  Xj  ax^  a\  &c.,  which,  making  ;r  =  1,  after  all 

—      m  , 
is  done,  gives  us  the  progression  of  ratios.    Here,  in  ^**Xy  --  is  the 

^-6>v  apiOfioQ,  but  not  the  0-oi;  jitTpov.    Measure  and  measuree 
go  rateably  together,  in  every  use  of  the  word  except  only  th 
therefore — objectionable  mensura  rationis.  .  .  . 
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^  Cotes  was  an  infiQitesimalist ;  bo  was  Newton,  till  he  abjured 
in  1706.  But  he  continued  a  momentarian — which  I  take  to  be  a 
(dx)  *    -man — all  his  life/ 

From  Sir  W.  R.  Hamilton  to  A.  Db  Morgan. 

*  Obskkyatobit,  November  17,  1863. 

'  Thanks  for  your  remarks  on  Cotes,  especially  in  relation  to 
Napier.  It  is  pleasant  to  see  grounds  for  acquitting  the  former 
of  any  disrespect  to  the  latter.  I  have  been  long  aware,  or  at  least 
it  has  been  my  impression,  that  Napier  did  not  treat  his  logarithim 
as  exponents  of  powers  of  a  base  € ;  and  I  do  not  know — but,  doubt- 
less, you  do — whether  he  ever  had  occasion  to  compute  the  number 
2718281828  , .  .  at  all. 

*  About  thirty  years  ago,  I  read  a  part  of  the  "  Canon  Mirifi- 
cus,"  or  of  the  Introductory  Bemarks,  in  the  Library  of  T.  C.  D. ; 
and  there  remains  on  my  mind  an  impression^  that  Napier's  pro- 
cess was  analogous  to  the  integration  of  the  differential  equation 
dy^ydx\  whereas  Cotes   virtually  calculates  the  definite   integral 

07=    -^.     I  think  also  that  Napier  computed  rather  logarithms  of 

cosecants  than  of  sines ;  and  remember  that  he  seems  to  have  a  dis- 
tinct conception  oi  flowing  quantify  .  .  . 

'  I  am  not  a  particular  admirer  of  the  phrase^  '^  Mensura  Bati- 
onis ; "  but  do  not  agree  with  you — who  are,  however,  in  the 
immense  majority  at  present — in  identifying  "  Ratio  "  with  "  Quo- 
tient." To  me  it  appears  to  be  of  importance  to  distifiguish  between 
these  two  conceptions — for  I  take  them  to  be  two ;  and  that  there 
would  be  an  advantage  in  not  using  indiscriminately  the  tieo  names: 
although  I  grant  that  modem  custom  is  against  me,  and  often 
carries  myself  with  it  on  this  point.  Speaking  carefully,  I  should 
say: 

Yard  is  to  Foot,  as  Three  to  One ; 

Yard  divided  by  Foot  equals  Three. 

*  Duplicate  Ratio  (X070C  Siir\a<Tiog)  was  used,  I  grant,  by  Euclid 
in  a  technical  sense ;  but  do  you  think  that  he  would  have  admitted, 
in  any  sense,  that  the  ratio  of  a  fathom  to  a  foot  was  double  of  the 
ratio  of  a  yard  to  a  foot  P  In  such  phrases^  still  preserved,  as 
sesquiplicate  ratio,  one  germ  of  logarithms  may  be  seen ;  or  say,  in 
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triplicate  ratio  (A070C  rpcTrXaacoc),  if  sesquiplioate  be  a  later  term : 
the  other  germ^  in  ancient  scienoe,  being  (I  think)  the  plan  of 
Archimedes,  for  expressing  large  numbers^  and  for  multiplying  them 
together,  as  what  we  should  now  call  powers  of  ten. 

*  If  the  phrase^  "  triplicate  ratio,"  be  retained,  it  seems  to  me 
that  we  may  in  consistency  speak  of  dividing  the  ratio  of  sphere  to 
sphere,  by  the  ratio  of  diameter  to  diameter,  and  obtaining  as  the 
quotient  the  number  three.    Logarithms  would  generally  thus  be 

Quotients  of  Ratios. 
But  it  is  important  to  observe  that  such  quotients  admit  of  affections, 
as  positive  or  negative,  which  the  quotients  of  ordinary  magnitudes 
do  not.  No  length  divided  by  a  length  gives  any  quotient  but  a 
number^  commensurable  or  incommensurable,  but  always  positive, 
or  more  properly  signless  :  whereas  I  should  say,  following  out  the 
foregoing  view  that  the  quotient, 

Batio  of  yard  to  foot        - 

Eatio  of  foot  to  yard 

Negatives  might  thus  have  been  anticipated,  as  I  conceive,  if  quo^ 
tients  of  ratios  had  been  studied :  a  ratio  of  major  inequality  being 
exactly  as  much  the  opposite  of  the  [inverse)  ratio  of  minor  inequality, 
as  the  step  BA  is  the  opposite  of  the  step  AB,  and  gives  the  quo- 
tient, 

BA 

AB"     ^' 

^  In  fact,  I  am  disposed  to  defne 

"  Negative  One," 
as  being  thus  the  quotient  of  a  step  (or  of  an  interval — and  a  ratio 
may  be  regarded  as  a  sort  of  interval — ),  divided  by  its  own  opposite 
(or  inverse) ;  although  it  then  requires  some  additional  considera- 
tion to  justify  the  phrase  "  Minus  One,"  or  the  notation  -  1,  so  as 
to  show  its  consistency  with  the  earlier  use  of  the  sign  -  in  sub- 
traction. 

*  "  Quotient,^*  at  least  when  expressed  by  a  positive  whole  number, 
or  by  such  with  a,  fraction  (although  quotients  include,  as  above,  not 
only  incommensurables  but  negatives),  appears  to  me  to  be  a  simpler 
or  earlier  conception  than  that  of  ratio  ;  because  it  may  be  derived 
from  the  comparison  of  two  magnitudes ;  whereas  ratio  is  scarcely 
intelligible  vnthout  proportion,  which  latter  requires  the  comparison 
of  two  pairs  of  magnitudes. 
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^  When  a  carpenter  applies  his  foot-rule  to  measure  the  length 
of  a  room,  and  finds  it  to  be  twenty  feety  he  notes  (perhaps]  the 
number  20 — or  if  there  be  six  inches  over  he  need  not  be  a  very 
learned  carpenter  to  'write  down  20|,  and  may  thus  be  said  to 
have  divided  the  length  by  the  foot  and  obtained  20  or  20|,  as  the 
quotient^  without  having  yet  formed  the  comparatively  abstract 
notion,  that  the  length  of  the  room  bears  the  same  ratio  to  his 
pocket  rulcy  as  the  length  of  a  hallj  three  times  as  long  as  the 
room,  would  bear  to  a  yard  measure. 

*  On  the  other  hand,  a  very  young  geometer  may  see,  what  a 
common  carpenter  might  find  too  abstract  a  conception,  that  if 
there  be  two  right-angled  isosceles  triangles,  hypotenuse  bears  to 
hypotenuse  the  same  ratio  as  base  to  base ;  or  (altemando),  that 
the  hypotenuse  is  to  the  base  in  one  triangle  as  hypotenuse  to  base 
in  the  other ;  or  (invertendo),  that  base  is  to  hypotenuse  in  the 
first  as  base  to  hypotenuse  in  the  second ;  and  this,  mthout  his 
having  yet  thought  of  measuring  either  line  by  the  other,  or  of 
arriving  at  the  incommetisurabk  quotient y 

hypotenuse         — 
hose         V  ^• 

'  Indeed  it  does  not  appear  to  me  clear  that  Euclid,  familiar  as 
he  was  with  what  I  regard  as  the  subtler  conception  of  ratiOy  ever 
formed,  or  at  least  used,  the  notion  of  such  a  quotient  at  all; 
although,  it  may  be  suggestedy  or  at  all  events  simpler  quotients  are, 
as  above,  by  the  rudest  and  most  practical  acts  of  mensuration,  or 
rather  by  eve7*y  measurement :  and  though  Euclid  embodied,  in 
his  definition  of  proportion y  the  thought  of  inquiring  how  often  a 
lesser  magnitude  is  contained  in  a  greater  of  the  same  kind,  that  is 
to  say,  how  often  (quot)  can  the  one  be  subtracted  from  the  other, 
with  or  without  u  remainder. 

'  I  quite  agree  with  you  that  in  such  an  expression  as  ^  "  ;r,  —  is 
not  the  ^x  -  ov  fiirpov ;  and  am  content  that  you  grant  it  to  be  the 
^  -tiiv  apiOfxo^,    The  exponent  —  is  no  measure  of  the  result  of  the 


n 


operation  0"  on  ;r ;  but  I  think  that  it  m,  in  an  intelligible  sense, 
a  measure  of  the  operation  itself  m 
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*'  Centupling  is,  or  may  be  considered  as  being,  an  operation 
compounded  of  two  decuplings^  the  second  of  which,  as  an  operation^ 
is  exactly  similar  and  equal  to  the  first ;  and  therefore  it  seems  to 
me  not  improper  to  say,  that  the  operation  "  centupling  "  is  double 
of  the  operation  "  decupling ;  "  or  for  a  like  reason,  to  retain  the 
ancient  expression^  that  the  "  ratio  of  a  hundred  to  one  "  is  dupli^ 
<;ate  (or  double)  of  the  "  ratio  of  ten  to  one : "  and  similarly  in 
other  cases. 

'  As  an  additional  illustration  of  what  I  mean  by  quotients^  I 
may  observe  that  the  equation 


1 


'^dx     ,      b 
—  =  lOff  - 

a  X        ^  a 


would  be  said  by  me  to  hold  good,  for  any  two  given  homogeneous 
magnitudes^  a  and  b ;  x  being  a  third  but  variable  magnitude ^  of  the 
same  kind,  which  is  here  supposed  to  receive  infinitesimal  increments 
(or  decrements*)  dx,  while  changing  gradually  from  the  given  lesser 
(or  greater)  magnitude  a  to  the  given  greater  (or  lesser)  magnitude 
b  ;  and  all  this  without  the  necessary  selection  of  any  unit  of  magni- 
tude. For  instance,  let  a  =  a  pound  avoirdupois — not  any  number, 
but  simply  a  pound  weight — and  let  b  =  two  pounds.  As  an  ap- 
proximation, let  dx  »  an  ounce^  throughout ;  then  the  equation 
becomes 

one  ounce  one  ounce  „  one  ounce 

+  ^ +  &o.  + 


one  pound     one  pound  one  ounce  one  pound  fifteen  ounces 

,        -  ,  ,      two  pounds 
=  (nearly)  log  ^-^^^^3^; 

each  dividend,  and  each  divisor  being  here  a  weight,  but  the  quotients 
being  all  abstract  numbers.  Of  course,  this  comes,  in  calculation, 
to  saying  that 

iV  +  tV  +  tV+&c.  +  ^=  (nearly)  log  2; 

but  I  think  that  the  conception  is  not  quite  the  same.  It  is  only, 
you  know,  ior products,  &c.,  that  we  require  a  previous  unit;  and 
accordingly,  while  I  regard,  as  above,  the  quotient  of  two  ratios  as  a 

•  Of  course  a  decrement  of  a  magnitude,  divided  by  the  magnitude  itself, 
would  be  considered  to  give  a  negative  quotient. 
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logarithm^  namely,  as  the  natural  logarithm  of  n^  if  the  dividend 
ratio  be  that  of  n  to  1,  and  the  divisor  ratio  that  of  c  to  1 ;  or 
generally  as  the  logarithm  of  ii,  in  the  system  of  which  the  base  is 
m,  if  the  dividend  ratio  be  still  that  of  n  to  1,  but  the  divisor  ratio 
that  of  w  to  1,  I  cannot  definitely  interpret  a  product  of  ttpo  ration 
without  a  previous  selection  of  some 

Unit  of  Ratio; 
the  natural  unit  being  evidently  that  which  Cotes  calls  the  Modular 
Ratio,  namely,  that  of  c  to  1.  With  this  selection  the  ratio  of  n  to  I 
would  be  represented  in  calculation  by  the  natural  logarithm  of  «, 
just  as  a  foot  is  represented  by  12,  if  an  inch  be  taken  for  the  unit 
of  length  ;  and  the  product  of  two  ratios  is  then  simply  the  product 
of  the  natural  logs  corresponding,  or  the  ratio  which  corresponds  to 
this  product  considered  as  a  natural  logarithm  ;  while  the  quotient 
of  two  ratios  retains  the  same  value  as  before.  In  short  we  should 
thus  have  the  formula, 

(Ratio  of  m  to  1)  X  (Ratio  of  n  to  1)  »  (Ratio  oip  to  1), 

if  log  m  X  log  n  =  log  p. 

^If  it  be  true,  as  I  think,  that  the  Conception  of  Ratio  is  a 
somewhat  more  subtle  one  than  that  of  Quotient^  it  may  be  expected 
that  the  conception  of  a  Ratio  of  Ratios  will  be  found  to  be  still 
more  refined  than  that  of  a  Quotient  of  Ratios^  which  latter  you  have 
seen  that  I  identify  with  the  conception  of  a  real  Logarithm^  or  a 
logarithm  of  a  positive  number.  Accordingly,  this  train  of  specu- 
lation leads  me  to  think  that  the  notion  of  a  ratio  of  ratios  could 
not  hQ  fully  developed  without  introducing  Logarithms  ofNegativeSy 
and  therefore  v^-  1,  and  so  suggesting  a  Double  Algebra.  But  I 
will  not  here  pursue  the  subject,  which  may  have  already  fatigued 
you. 

'  I  may  add,  however,  that  while  I  think  that  a  Quaternion  is 
best  defined^  from  a  geometrical  point  of  view,  by  saying  that  it  is  a 
Quotient  of  Vectors — although  it  may,  with  somewhat  more  of 
previous  convention  be  regarded  as  a  prodtict  also — ^I  do  not  choose 
to  call  a  quaternion  a  Ratio  of  Vectors.  But /or  ordinary  purposes 
ratios  are  so  connected  with  quotients,  that  I  have  no  objection  to 
sayy  briefly,  as  is  now  usual,  that  the  ratio  of  a  to  A  is  n,  if  it  be 
that  of  »  to  I.' 
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From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

<  91,  Adelaide  Road,  December  31,  1863. 

*I  got  yours  of  the  16th  [17th],  but  have  never  read  it  all 
through  till  to-day.  About  ratio  and  quotient^  I  admit  they  are 
two  different  things — just  as  velocity — swiftness — and  velocity,  tv 
the  meoHure  of  swiftness,  are  two  different  things.  Batio,  with  me, 
is  a  synonyme  of  relative  magnitude^  an  idea  too  simple  to  be 
defined,  or  expressed  without  fearful  abstraction.  But  as  I.  N. 
said  of  gravity — it  exists  and  acts.  Take  a  child,  and  say,  "  Now 
we  are  going  to  draw  a  house  A.  Now  the  chimney  B."  [A 
diagram  with  chimney  out  of  proportion  large.]  The  child  says, 
"  That  chimney  is  too  hig.*^  Too  Big  !  why  there  is  not  a  chimney 
in  the  town  so  small  as  this.  Perhaps  the  child  is  posed ;  perhaps 
it  says,  "  It  is  too  big  for  tliat  house J^  In  either  case  the  remark 
was  dictated  by  the  presence  and  action  of  the  notion  of  relative 
magnitude. 

'  But  when  we  come  to  measure  relative  magnitude  we  learn 
number,  if  we  never  learnt  it  before.     Quotient  is  number. 

^  Euclid's  X070C  is  founded  on  the  idea  of  communication.  We 
talk  about  magnitude  by  ratioy  which  is  a  habitude  of  magnitude 
to  magnitude  Kara  7ri|XiicoTT)ra,  secundum  quantuplicitatem.  That 
vviXiKOTriQ  meant  quantuplicity  and  not  quantity^  is  testified  by 
Eutocius.  That  anything  else  makes  nonsense  of  Euclid's  defini- 
tion, is  testified  by  common  sense. 

'  I  believe  Euclid,  and  still  more  Archimedes,  had  the  germ  of 
logarithmic  language.  But  I  incline  to  think  that  their  ratio,  when 
thus  used,  was  an  instrument  of  alteration ;  and  that  the  duplicate 
ratio  was  the  result  of  the  ratio  used  twice.  But  the  history  of 
composition  of  ratio,  as  it  appears  in  Euclid,  is  curious.  Nothing 
can  be  more  incomplete. 

*  [P.  SJ. — How  does  the  milkman  act  like  Pharaoh's  daughter  ? 
He  gets  a  little  profit  from  the  water.' 
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From  A.  De  Morgan  to  Sir  W.  B.  ELi.milton. 

*  91,  Adelaide  Road,  April  24,  1864. 

'  I  have  got  hold  of  a  theorem,  just  gone  or  going  to  Cam- 
hridge,  which  throws  some  light  on  1-1  +  1-1  +  ...* 

' . . .  I  am  just  sending  a  Paper  on  Infinity  to  Cambridge.f  I 
shall  shook  all  the  mathematical  prudentials  by  standing  up  for 
the  bare  uncloaked  infinitesimals,  great  and  small.  I  know  they 
are  subjectively  mine ;  but  I  admit  they  may  not  be  so  to  others. 

'  {^Apropos  of  the  Shakespeare  tercentenary  celebration.it]  For 
Miss  Hamilton.  What  is  the  proper  name  for  a  young  lady's  first 
ball  after  she  comes  out  P    Ans.  Her  tum-se*enteenary  festival.' 

li'om  Sir  W.  E.  Hamilton  to  A.  Dk  Morgan. 

'  Obseevatobt,  June  8,  1864. 

*  I  have  never  intentionally  destroyed  any  letter  or  note  of 
yours,  but  have  in  some  way  mislaid  your  last,  which  reached  me 
(I  think)  in  April. 

*  In  the  course  of  an  extensive  search  for  it,  I  have  lit  on  a 

*  Transactions  of  the  Cambridge  Philosophical  Society ,  vol.  xi.,  p.  145. 

t  Id,y  p.  190. 

X  I  omitted  in  my  biographical  record  of  1 864  to  mention  that  this  celebra- 
tion stirred  up  Hamilton's  old,  but  never  extinct,  though  dormant,  interest  in 
the  great  poet,  to  whom  in  an  early  sonnet  he  had  made  no  unworthy  referenoe 
(vol.  i.,  p.  489).  In  his  Journal  for  Saturday,  the  23rd  of  April,  I  find  this 
entry  : — *  Could  not  but  remember  a  former  23rd  of  April  {supra^  pp.  97,  98), 
when  there  was  what  (in  my  own  mind)  I  called  a  Feast  of  the  PoetSt  Mrs.  Wilde, 
now  Lady  Wilde,  being  one  of  them.  Even  then  I  associated  (mentally)  the 
day  with  Shakespeare  and  Wordsworth.  [Wordsworth  died  on  Shakespeare^s 
birth-  and  death-day.]  We  had  some  Shakespeare  Headings  among  ourselves, 
in  the  evening ;  I  also  read  a  good  deal  for  myself,  in  and  about  Shakespeare.' 
He  refers  to  his  having  subscribed  to  the  celebration,  and  notes  with  interest 
Archbishop  Trench's  and  Bishop  Charles  Wordsworth's  sermons  on  the  occasion, 
and  the  book  by  the  latter  on  Shakespeare's  knowledge  of  the  Bible.  On  the 
27th  of  April  he  writes : — *  Another  book  of  a  very  different  kind  [from  Dobson 
on  Masonry']^  which  I  have  been  lately  reading,  with  much  interest,  many  parts 
of,  is  the  book  of  **  Select  Specimens  of  the  English  Poets,  with  Biographical 
Notices,  &o.  Edited  by  Aubrey  De  Vere,  Esq."  (London,  1858.)  It  was  given 
to  me  in  1860  by  himself;  and  I  think  that  it  does  him  great  credit.  I  may 
take  an  opportunity  of  ^Titing  to  him  soon,  perhaps  about  Shakespeare,* — R.P.G. 
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curious  little  pamphlet  of  1857,  the  title  of  which  I  shall  copy  for 
you  in  full,  if  you  have  the  slightest  curiosity  about  it.  It  pro- 
fesses to  be  a  Report,  by  a  short-hand  writer,  of  a  "  Drawing-room 
Discussion  between  a  Protestant  Clergyman  and  a  Roman  Catholic 
Priest,  arising  out  of  a  challenge  given  by  the  latter,"  and  it  seems 
to  be  strictly  fair ;  the  blunders  being  distributed  with  the  most 
absolute  impartiality. 

*  What  tickled  me  specially  was  the  following  little  bit  of  Logic, 
which  I  am  about  to  copy  for  you ;  premising  that  J  write  A  and 
B,  as  the  names  of  the  two  combatants. 

*  A.  "  The  middle  term  can  be  taken  once  generally.  If  you 
wish  to  go  to  logic,  I  will  meet  you  there." 

^  B.  ''  The  middle  term  may  not  be  taken  both  times  univer- 
sally." 

*  After  this  little  flourish  of  unaccustomed  weapons,  by  common 
consent  it  seems  that  Logic  was  dropped.  What  strikes  me  as 
particularly  rich  is,  that  B  has,  in  the  pamphlet,  the  air  of  having 
refuted^  or  at  least  controverted,  A.  That  B  was  wrong  in  assert- 
ing, and  A  in  all  probability  wrong  in  thought — each  having  for- 
gotten Darapti — is  quite  immaterial  for  the  purpose  of  this  note. 
What  I  invite  you  to  do  is,  to  tell  me  which  was  the  Protestant, 
and  which  the  Papist.  If  you  had  ever  spent,  as  I  once  did,  a 
night — the  richest  night  of  my  life — with  Father  Tom,  you  could 
decide  at  once.  Did  you  ever  read  in  Blackwood  (May,  1838)  the 
Article  entitled,  "  Father  Tom  and  the  Pope ;  or,  a  Night  at  the 
Vatican  "  P  If  so,  you  cannot  have  enjoyed  it  as  I  have  done,  who 
am  an  Irishman,  and  actually  won  a  wager  (never  paid,  of  course) 
from  the  said  Father  Tom.' 

From  A.  Db  Morgan  to  Sir  W.  E.  Hamilton. 

*  91,  Adelaide  Road,  June  22,  1864. 

*Tour  question  is — Given  an  absurd  logician,  Protestant  or 
Catholic,  which  P 

'I  incline  to  think  he  is  more  likely  to  be  the  Protestant. 
1.  The  odds  are  greater  that  a  Catholic  has  been  educated  on  the 
older  plan,  and  is  less  likely  to  bungle  a  technicality  by  sheer  mis- 
understanding. 2.  The  Catholics  can  afford  better  logic  than  the 
Protestants.    The  authority  of  the  Church  is  a  manufactory  of 
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pFemisses — so  that  they  are  not  bo  much  driven  to  logical  shifts  as 
are  Protestants,  who  are  ohliged  to  give  inferences  from  what  are 
called  iexh^  which  are  as  often  as  not  in  defiance  of  all  logic. 

'  I  also  have  my  theorem  that  the  middle  term  cannot  twice 
enter  universally,  that  is,  in  a  f imdamental  syllogism.  When  the 
thing  happens  the  syllogism  is  always  what  I  call  strengthened  ;  that 
is,  one  of  the  premises  stronger  than  it  need  be  to  produce  the  oon- 
olusion.  Such  a  syllogism  may  have  both  middles  particular ^  or 
both  universal ;  . . . 

*  I  want  a  word  to  signify  the  value  of  a*,  which  makes  ^a?  infinite. 
I  shall  adopt  antiroot  of  0;r,  unless  somebody  proposes  a  better. 

*  Again,  in  p  (cos  0  +  sin  0 .  -v/- 1),  p  being  the  modulus,  I  want 
a  word  for  the  other  factor.  I  shall  use  signal  factor  with  reserva- 
tion as  aforesaid,  and  signal  angle  for  0.  Shortened  into  signal, 
perhaps. 

'  I  write  from  my  examination  room,  with  half  my  single  eye 
on  my  class,  and  half  on  the  paper.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

<  Obseryatoby,  June  24,  1864. 

^  I  understand  you  to  infer  that  the  obviously  illogical  disputant 
was  the  Protestant.  You  were  right,  if  (as  I  suppose)  you  meant 
my  "B."  If  the  question  had  been  put  to  me,  I  should  have 
inferred,  or  at  least  thought,  which  would  have  been  right,  that 
"A"  was  the  Papist;  agreeing,  of  course,  in  the  result,  with  you. 
Only,  as  to  the  step,  there  would  have  been  this  difference  :  that 
from  the  sort  of  swagger  with  which  the^r«^  mention  of  logic  was 
made,  as  a  sort  of  defiance  to  the  other  combatant,  I  should  have 
guessed  "A"  to  be  a  worthy,  though  incomparably  inferior,  col- 
league (or  co-sacerdot)  in  Ireland,  of  Father  Tom  ;  who  is,  I  a^ure 
you,  notwithstanding  any  such  faults  of  manner  (if  they  were  such), 
as  I  have  alluded  to,  remembered  by  many  to  this  day  with  great 
regard.  But  about  the  obviousness  of  ''  B  "  's  mistake  :  I  entirely 
admit  that  "Darapti,"  which  both  "A"  and  "B "  appear  to  have 
forgotten,  is  an  imperfect  (I  mean  an  imperfectly  good)  syllogism, 
though  not  an  illegitimate  one.  If  that  had  not  been  seen  and  felt 
long  ago,  why  should  we  have  the  word  Darapti,  with  its  obvious 
reference,  by  extensive  reduction,  to  the  perfect  syllogism  Darh  *t 
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And  what  can  you  mean  by  saying  that  the  middle  term  may  be 
Ucice  particular^  in  a  legitimate  syllogism,  as  I  suppose  P  .  .  . 

*  June  25  ...  I  see  no  objection  to  your  calling  x  the  ^^antiroot^^ 
or  an  antiroot,  of  ^Xy  when  ^x-  00.  In  that  case,  however,  we  ought 
to  call  X  a  root  of  ^a?,  when  ^a?  =  0  ;  but  even  this  is  not  yet  usual. 

*  If  in  such  an  expression  as  p  (cos  0  +  */- 1  sin  0),  in  which  p 
and  0  are  reals  of  the  ordinary  algebraical  kind,  and  p^  at  least,  is 
also  posiiivey  you  retain  ArgancFs  {not  Cauchy's)  name  of  modulus 
("  module  ")  for  the  factor  p,  and  call  the  other  a  "  signal-factory'' 
you  will  be  in  strict  conformity  with  Argand's  recorded  views. 
[Hamilton  here  quotes  the  two  extracts  from  Argand  made  at  the 
foot  of  p.  (56)  of  his  Lectures  on  Quaternions.']  Argand  had 
therefore  anticipated  the  thought  involved  in  your  proposed  word 
**  signal,"  which  seems  to  me  (for  Double  Algebra)  a  very  good  one 
— as  applied  to  the  factor  cos  0  +  -v/- 1  sin  0. 

*  You  probably  have  Peacock's  "  Symbolical  Algebra  "  (Cam- 
bridge, 1845)  vol.  ii.  of  a  Treatise  on  Algebra.  In  page  204  you 
will  find  the  passage  : — ^'  In  the  first  place,  in  expressions  such  as 
(cos  0  ±  v^- 1  sin  0)  p,  we  must  consider  cos  0  ±  v/- 1  sin  0  as  a  sign  of 
afieotion  of  p,  and  as  in  no  respect  affecting  its  magnitude ;  for . . ." 
In  p.  205,  he  speaks  of  cos  0  +  ^/- 1  sin  0  and  cos  0  -  y^-  1  sin  0, 
as  '*  those  signs."  In  short.  Peacock  (like  Argand)  considered  such 
signs  to  be  extensions  of  +  1  and  -  1 ,  or  of  +  and  -.  I  observe  that 
in  pages  xxviii,  xxix,  of  the  Preface  to  Peacock's  Algebra  of  1830, 
he  says,  "  We  shall  thus  no  longer  be  confined  to  +  and  -  as  the 
only  signs  of  affection,  inasmuch  as  we  have  created  other  signs." 
In  fine,  although  the  word  signal  (in  your  sense)  is  new,  so  far  as 
I  know,  you  can  s.m^\y  justify  it,  if  you  think  it  worth  while,  by 
an  earlier  usage  as  to  the  word  sign. 

*  A  quaternion 

q-w-^ix  -i-jy  +  kzy 

with  my  laws  of  t,y,  A:,  may  be  reduced  generally  to  the/<?rm, 

g  =  r  (cos  0  +  v^- 1  sin  0) ; 

in  which 

r  cos  0  -  Wy 


r  sin  0  =  ^[x"  +  y'  +  z% 

/— i         ix+jy^kz 
and  -s/-l  = 


-/(;c»  +  y*-f2*) 
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ThiB  -v/-!  is  just  a%  real  as  that  of  Double  Algebra ;  but  it  is 
intolerably  vague^  since  it  represents  (on  my  principles)  any  uniU 
line  in  space^  or  any  directed  radim  of  an  unit-sphere.  Accordingly^ 
I  have  long  found  it  to  be  convenient,  in  practice,  to  reserve  the 
symbol  v/-  1  for  its  old  use  in  algebra  (compare  p.  iv  of  my  new 
Table  of  Contents),  as  denoting  a  non-real,  which  has  only  a  symbol'- 
teal  existence,  and  of  which  the  essence  is  contained  in  the  equation 

(v/^)'--i; 

except  that  +  y/- 1  is  supposed  to  be  unequal  and  opposite  to  -  v/-  1 
in  the  (again  purely  symbolical)  sense  that 

+  v/n  -  v/~l  •=  0. 

'  I  have  long  thought  it  to  be  9k  fault  of  Double  Algebra  that  it 
interprets  too  much.  There  ought  to  be  uninterpreted  symbols  ;  and 
if  you  insist  on  treating  ±  v/-  1  as  representing  two  real  unit-lineSy 
at  right  angles  to  the  two  lines  ±  1,  in  a  given  plane,  you  will  just 
find  yourself  obliged  to  invent  some  new  signs  for  the  old  imaginaries 
of  algebra,  in  order  to  meet  the  necessities  of  geometry,  even  within 
the  plane.  [Hamilton  then  gives  a  case  exemplifying  the  difficulty^ 
and  adds,  "  What  would  Double  Algebra  say  to  this  ?  "  After  sup- 
plying what  he  supposes  would  be  the  answer  resorted  to,  he  con- 
cludes :  "  but  you  will  not  get  Ghasles  or  Salmon  to  adopt  the 
geometrical  consequences."  The  letter  proceeds :  j  I  remember 
remarking  something  of  this  sort  to  you,  before  the  Lectures  were 
published ;  and  your  replying  to  this  effect :  *'  Let  us  close  one 
account,  before  we  open  another.**  The  reply  has  great  weight,  no 
doubt ;  but  the  new  account  must  be  opened,  whether  by  quaternions^ 
or  by  some  system  or  method  hitherto  undiscovered.  I  entirely 
admit  that  your  "  Trigonometry  and  Double  Algebra  "  (1849)  is 
not  only  an  always  able,  and  in  many  respects  original  work,  but 
also  that  it  must  hk  a  useful  one  to  students,  as  clearly  showing 
that  there  is  at  least  one  sense  in  which  the  symbol  y/-l  can  be 
fully  interpreted.  Perhaps,  if  algebra  alone  were  in  question,  it 
might  be  needless  to  go  farther.  But  algebraic  geometry  has  other 
tpants,  and  peremptorily  reguires  imaginaries. 

*  My  I,  J,  k,  are  not  imaginaries,  though  just  at  the  very  first  (in 
1843)  I  called  them  so,  as  being  each  a  value  of  v^- 1  (as  also  are 
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-  i,  -y,  -  A,  and  generally  ix  -^-jy  +  kzy  if  a?*  +  y»  +  »'=  1).  They  are 
quite  as  real  BAx^y^z  themselves ;  and,  in  fact,  I  habitually  inter- 
pret them  as  three  rectangular  unit-lines.  [After  further  discussing 
the  subject  at  considerable  length,  he  ends  with  the  following  state- 
ment :— ]  When  I  first  found  (nearly  twenty  years  ago)  imaginariea 
in  quaternions  (distinct  from  t,y,  A,  which  you  know  I  have  very 
long  considered  as  reals)^  or  rather  in  the  applications  of  quaternions 
to  geometry,  my  first  impression  was  that  I  was  likely  thus  to  light 
on  some  new  set  of  geometrical  imaginaries  ;  so  little  faith  hadi  ^A^n 
in  the  old  set  of  them,  except  as  creatures  of  old  calculation.  But,  to 
my  great  astonishment,  not  one  such  instance  presented  itself.  I 
mentioned  this  to  Salmon,  at  some  dinner  long  ago  ;  and  he  replied, 
that  if  the  quaternions  had  not  borne  this  testy  he  would  have  con- 
sidered them  as  good  for  nothing.' 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

'  91,  Adelaide  Road,  June  26,  1864. 

^ .  .  .  Have  you  never  known  that  some  syllogisms  have  both 
middles  particular  when  privative  terms  are  allowed  P  This  has 
been  the  case  in  everything  I  have  written  on  logic. 

*  If  a  syllogism  can  have  both  middles  universal,  then,  by  using 
the  privative  of  the  middle,  it  is  particular  in  both  terms.  .  .  . 

*  Of  course,  no  doubly  particular  middle  occurs  in  an  Aristo- 
telian form  .  .  . 

*  July  2  .  .  .  The  double  algebra  is  an  application  of  geometry 
to  algebra  by  which  full  meaning  is  given  to  all  symbols. 

*I  fully  appreciate  the  imaginary  intersections,  asymptotes, 
&c. ;  but  I  attach  no  idea  to  them.  There  are  algebraical  forms 
which  satisfy  two  equations,  which,  involving  y/- 1,  have  no  inter- 
pretation. There  are,  if  you  please,  imaginary  intersections  of  the 
curves ;  that  is,  no  intersections  at  all.  But  perhaps  a  better  word 
than  imaginary  might  be  found.  But  the  instruction  derived  from 
the  relations  remains,  be  the  name  ever  so  disputable. 

' .  .  .  Double  algebra  is  complete,  as  one  of  the  perfect  common 
algebras.  Quaternions,  I  have  told  you  all  along,  are  one  of  the 
triple  algebras.' 

VOL.  III.  2  R 
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From  Sib  W.  B.  Hahiltok  to  A.  De  Morgan. 

'  Obsestatort,  July  4,  1864. 

^  You  were  pleased,  in  a  reoent  letter,  to  allude  to  your  ^'  single 
eye";  as  you  have  also  done  sometimes  in  print.  Now  it  would 
interest  me  very  much  to  be  allowed  to  compare  the  phenomena  of 
your  yision  with  those  of  my  own.  To  be  sure,  I  have  two  eyesy 
which  both  serve  me  still  (without  convex  glasses)  for  the  very 
9maUe%t  print  I  can  find  in  any  book ;  and  which,  on  the  other 
hand,  are  becoming,  through  age,  by  degrees  more  adapted  than 
they  used  to  be,  to  the  enjoyment  of  a  prospect,  without  the  aid  of 
concave  glasses  .  .  .  But  being  a  ttco-eyed  man^  I  am  also  habitually^ 
and  from  an  earlier  period  of  my  life  than  I  can  distinctly  remem- 
ber, a  double-seer,  except  for  a  page  of  print  or  manuscript  before 
me.  This  I  attribute  mainly  to  my  having  been  given,  when  I 
was  a  very  young  child,  an  excellent  sliding  Dollond,  which  packed 
into  a  rather  thick  case  of  perhaps  only  half  a  foot  in  length,  but 
drew  out  into  a  telescope  a  yard  long  or  thereabouts ;  and  with 
which,  when  I  was  certainly  not  more  than  ten — but  I  think  even 
earlier — I  used  to  see  Jupiter's  moons  easily,  and  Saturn's  ring 
(though  of  course  I  could  not  divide  it)  without  any  doubt ;  besides 
observing,  a  year  or  two  later,  ocoultations  of  the  Pleiades  by  our 
moon. 

[Here  follow  particulars  showing  that  Hamilton  was,  to  use 
his  own  terms,  '  not  so  much  a  binocuUst  as  a  double  monoculistJ* 
These  are  not  here  inserted,  as  they  are  substantially  the  same  as 
are  contained  in  his  letter  of  June  14,  1864,  to  Dr.  Ingleby,  which 
will  be  found  supra,  pp.  176,  181.]  .  .  . 

*  And  therefore  you  may  conceive  how  it  happens  that  I  may 
have — and  in  fact  have — a  real  curiosity  to  compare  notes  with  you, 
on  the  whole  subject  of  sight. 

*  I.  For  instance,  I  entirely  reject  the  very  generally  received 
hypothesis,  that  what  we  learn  from  this  sense — or  what  we 
perceive,  or  seem  to  perceive  by  it — is  mainly,  or  indeed  (so  far  as 
I  know)  at  all,  with  me,  a  result  of  Binocular  Vision  :  such  having 
been  as  stated,  an  abnormal  condition^  in  my  own  case,  from  child- 
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hood.  Will  you  indulge  me  with  an  answer  to  the  question — Have 
you  had  only  one  useful  eye,  as  long  as  you  can  remember  ;  or  has  an 
aocidenty  or  an  Ulness,  deprived  you  of  the  sight  of  the  other, 
within  a  time  to  which  your  memory  extends?  Do  you  trace 
anything,  in  your  present  visual  perceptions  or  sensations,  to  a 
recollection  of  having  had  two  seeing  eyes  P 

'  n.  Are  you  conscious  of  much  obligation  to  touch  P  I  am 
not;  and  so  audaciously  has  the  claim  (for  touch)  been  made  and 
pushed,  by  clever  writers,  that  I  am  almost  disposed  to  r^'ect  it  also 
4zltogether. 

*  III.  About  mible  distance. — I  am  not  to  be  put  off  with 
"**  consent  of  philosophers '' ;  or  with  Berkeley's  argument  that 
**  distance  is  a  line  turned  endways  to  the  eye  " ;  or  in  fact  with 
ant/thing  which  assumes  the  existence  of  an  et/e  at  all !  1  do  not  see 
my  eyes ;  if  I  look  at  the  images  of  them  in  a  mirror,  or  at  the  eyes 
of  somebody  else  in  his  head,  it  is  merely  a  part  of  the  general 
picture  which  I  see.  Such  parts  are  also  my  hands  or  legs  if  I 
look  down  :  I  never  see  myself.  To  vision — although  not  more  so 
than  to  any  other  sense — I  am,  in  strictness,  non-existent.  Dogs 
^Cy  I  suppose,  as  well  as  men  do,  and  generally  smell  much  better; 
but  I  do  not  believe  that  they  ever  form  the  notion  of  "  Ego."  It 
would  therefore  be  absurd,  on  my  own  showing,  for  me  to  pretend 
to  see  distance^  Bsfrom  myself,  who  am  to  myself  invisible.  So  far 
then  I  agree  in  the  result  with  Berkeley.  But  yet  I  insist  that 
every  time  I  open  my  eyes,  or  one  of  them,  in  the  light,  /  do  see 
distance ;  in  the  sense  that  besides  colour  and  outline,  I  see  relief, 
PERSPECTIVE ;  which  I  believe  to  be  an  independent  property  of  vision, 
and  not  acquired  through  the  help  of  touch,  although  locomotion  has 
certainly  assisted,  by  enabling  me  to  go  round  objects,  and  near 
them.  This  assertion,  that  (unth  each  eye)  I  see  relief,  is  quite 
consistent  with  the  admission  that  I  do  not  see  a  tree,  or  other  object, 
as  being  so  many  feet  or  yards  away.  Such  estimates  I  do  not  often 
make ;  and  when  I  make  them,  I  know  that  I  qxol  judging,  well  or 
ill,  by  experience  ;  to  the  formation  of  which  last,  some  aid — though 
in  my  own  case,  as  I  believe,  a  very  insignificant  one — has  been 
derived  from  the  sense  of  touch.  Can  I  not  remember,  without 
having  handled  a  measuring  rod,  that  so  many  average  steps  took 
me  from  place  A  to  object  B,  on  reaching  which  I  grant  that  I 
may  naturally  have  put  out  my  hand;  and  then  make  a  good  or 

2R2 
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bad  gue%^  the  next  time,  how  many  Btepn  would  take  me  from  G  io 
] )  P — this  gue98  to  be  corrected  by  ^ia/,  and  so  on,  if  the  process  seem 
Avorth  the  continuing  for  the  purpose  of  gaining  skill.  Does  your 
self-observation,  on  the  whole,  agree  with  mine  on  the  subject  of 
visible  relief? 

*  rV.  Do  you  find  yourself  {naturally  and  irresistibly)  belieying 
that  you  see  the  very  trees  (or  houses)  themselves^  at  which  you  look? 
Such  I  observe  to  be  my  natural  impression^  even  note^  when  I  cover 
either  eye  with  a  hand ;  but  it  is  otherwise  when  I  look  with  both. 
A  "  Natural  Realist "  {vide  Sir.  W.  H.)  might  ask  me,  "  WiU  you 
not  believe  your  eyes  ?  " — to  whom  my  answer  would  be :  "  Certainly 
MOT."  One  eye  at  a  time  I  catch  myself  involuntarily  beliemngy 
whatever  theories  I  may  have  read  or  formed ;  but  I  can't  believe 
both  at  once^  because  they  contradict  each  other,  I  see^  at  this  moment, 
two  young  haycocks  where  I  know  that  there  is  only  one  ;  and  (in 
my  present  mood)  it  lb  no  satisfaction  to  me  to  be  informed,  from 
books^  that  this  is  because  there  are  two  retinal  images  (not  haycocks 
themselves)  and  that  the  two  optic  axes  do  not  converge.  Forgive 
this  long  letter,  and  believe  me  to  remain,'  &o. 

[As  a  postscript  Hamilton  quotes  from  his  letter  to  Dr.  Ingleby, 
above  referred  to,  the  final  paragraph  beginning,  ^  To  wind  up  the 
statement .  .  .'    Supra^  p.  181]. 

li-om  A.  De  Morgan  to  Sir  W.  E.  Hamilton. 

'91,  AdeUiIDB  Road,  July  17,  1864. 

*  First  as  to  my  eye.  When  I  was  in  preparation,  my  mother 
attended  much  to  a  favourite  native  servant  (in  India)  who  had 
the  ophthalmia,  which  they  call  the  country  sore  eyes.  When  I  was 
bom  it  was  found  I  had  had  it  too,  and  one  eye  was  not  destroyed, 
but  never  completely  formed :  it  is  only  a  rudiment,  with  a  dis- 
coloration in  the  centre,  which  shows  that  nature  intended  a  pupil. 
The  eyelid  is  of  a  different  size  from  the  other  [illustration].  This 
is  slightly  exaggerated.  I  have  been  offered  a  binocular  glass  at 
the  opera,  &o.,  scores  of  times,  by  people  who  had  known  me  for 
years,  with  recommendation  to  try  if  it  were  not  better  than  my 
own.  So  that  the  thing  does  not  show  much,  for  which  no  doubt 
spectacles  are  partly  answerable. 
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'  Aooordisgly  I  have  always  been  strictly  unocular.  I  have 
seen  as  much  with  my  right  eye  as  with  any  one  finger — no  more, 
and  no  less.  I  am  very  short-sighted,  and  more  so,  I  think,  as  I 
get  older.  Without  spectacles  my  reading  distance  would  be  less 
than  six  inches  for  moderate  type,  or  my  own  handwriting.  Four 
inches  would  be  agreeable  and  convenient.  My  eye  bears  any 
amount  of  work  without  fatigue.  But  on  principle  I  have  avoided 
anything  like  frequent  use  of  a  telescope,  which  is  an  insidious  foe. 
^  Now  I  am  not  aware  of  any  use  of  sight  in  which  I  differ  from 
a  short-sighted  person  with  two  eyes. 

*  I  have  heard  the  theory — Berkeley's? — that  perception  of  dis- 
tance depends  on  the  action  of  two  eyes.  I  judge  of  distance 
just  like  another  person.  Also  that  solidity  depends  on  two  eyes. 
I  never  felt  any  want.  If  everything  -were  flaty  as  I  am  told  it  is 
with  me,  I  should  not  be  disgusted  with  a  flat  picture.  Now  I 
have  greater  enjoyment  in  the  relief  of  good  perspective  than  in 
anything  else  connected  with  a  picture. 

*  I  am  not  aware  of  any  particular  obligation  to  touch.  I  am 
oertainly  not  more  indebted  to  it  than  others.  It  is  very  difficult 
to  say  what  we  owe  to  it. 

'  I  am,  as  I  said,  perfectly  unconscious  of  any  want  except  a 
longer  sight.  I  have  heard  it  said  that  people  with  one  eye  can- 
not draw  a  straight  line  as  well  as  with  two.  This*  is  dashed  off. 
And  my  pupils  used  to  remark  that  my  chalk  circles  on  the  slate 
were  very  true,  and  joined  at  the  ends  to  admiration.' 

li-om  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

*  Obsebvatobt,  July  19,  1864» 

' .  .  .  Allow  me  to  thank  you  at  once  for  your  most  interesting 
account  of  your  eyes — perfect  and  rudimentary.  If  you  had  not 
given  me  some  preliminary  encouragement,  by  your  printed  and  un- 
printed  writings,  I  should  certainly  not  have  presumed  to  aak  you 
for  any  such  account,  which  I  shall  be  very  glad  indeed  to  have 
extended  at  your  leisure.  The  subject  appears  to  me  to  be  one  of 
high  philosophical  interest ;  and  I  still  think  that  a  comparison  of 
your  mode  of  vision  with  my  own  may  be  instructive,  since  both 

*  lUiutrated  by  an  admirably  straigbt  line. 
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differ  BO  much  from  what  is  ^iated  to  be  the  oondition  of  non-blind 
men  in  general. 

*  As  to  the  mere  tcordi^  I  thankfully  accept  yonr  gentlj  sug- 
gested substitute,  **  unocular  **  for  my  hybrid  term  **  monocular.'^ 
I  shall  henceforth  use  the  former ;  but  in  extenuation  let  me  say 
that  Chasles,  who  knows  both  Greek  and  Latin,  has  habitually 
indulged  in  the  not  less  improper  compound  of  ^^  hamo/ocal*^ ; 
whereas  he  ought  to  have  written,  like  Salmon  and  others,  coniooeL 
Since  you  are,  for  the  moment,  in  the  Chair  of  Criticism,  should 
you  object  to  the  phrase  "  bin-unocular  "  to  describe  my  own  con- 
dition P  It  has  only  this  moment  occurred  to  me,  and  I  may 
probably  see  objections  to  it  to-morrow. 

*  Your  letter  has  been  very  satisfactory  to  me,  but  I  have  still 
a  few  questions  to  ask.  In  a  day  or  two  I  hope  to  start  with  my 
daughter — Lady  H.  not  being  quite  up  to  it — on  a  little  excursion 
to  the  county  Wioklow.*  But  please  address  as  usual  when  you 
can  spare  time  to  write.' 

I^ofn  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

<  91,  Adslaise  £oad,  JWy  31,  1864. 

^  As  to  your  No.  iv.,  I  do,  when  I  do  not  think  about  the 
matter,  see  the  very  objects;  but  I  never  find  this  notion  stand 
the  least  consideration.  To  you,  who  see  two  things,  it  must  be 
impossible  to  believe  your  eyes. 

'In  like  manner,  for  common  use,  I  put  the  representative 
words  in  place  of  the  objects,  and  am  content  to  say  man  is  animal^ 
which  I  know  it  is  not.  But  thing  signified  by  nian  is  (some) 
thing  signified  by  animal. 

^  I  have  no  doubt,  any  more  than  you,  that  had  I  been  only  a 
seeing  pasty  without  touch,  I  should  have  recognised  distance.  I 
should  have  been  cognisant  of  a  more  and  a  less  of  separation,  of 
gradual  diminution  accompanying  recession,  and  so  on.  But  I 
do  not  know  whether  I  should  have  gained  the  notion  of  distance 
as  we  now  have  it.    It  is  very  difficult  to  say  what  our  notions  of 


*  On  July  25  Hamilton  wrote  to  De  Morgan  from  Glendaloogh  a  letter 
giving  some  account  of  this  excursion.  The  portion  of  it  which  oontinuee  to 
possess  interest  will  be  found  supra,  p.  163. 
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the  external  would  have  been  if  we  had  never  had  a  hand  to  put 
out. 

^  I  cannot  ascertain  that  I  am,  in  any  one  point,  different  from 
you,  or  that  a  second  eye  would  give  me  any  other  knowledge. 

'  I  have  no  doubt  that  double  sight  is  more  intense  in  quality, 
as  thus :  I  am  beginning  to  bathe  my  feet,  and  I  put  one  foot  into 
the  water,  which  is  just  as  hot  as  I  can  bear  it.  When  I  put  in 
the  second  foot,  I  cannot  bear  it.  I  have  learnt  nothing  new  about 
the  pain  but  quantity.  I  suppose  a  second  eye  would  add  to  the 
quantity  of  nervous  action.  I  have  never  ascertained  whether 
binocuUsts  can  see  longer  than  myself  without  a  candle  when  the 
sun  goes  down.  I  suppose  by  my  never  having  had  my  attention 
turned  to  this  that  there  is  not  much  difference. 

^  My  eye  is  so  regular  a  thing  that  I  think  little  about  it.  It 
is  not  once  in  five  years  that  I  have  a  day's  weakness  or  irritation, 
and  then  only  clearly  in  connexion  with  cold  or  feverish  action  on 
the  system.     But  three  weeks  ago  there  was  a  novelty. 

*My  wife  has  taken  with  much  advantage  the  peroxide 
(binoxide  O'H)  of  hydrogen.  But  she  found  that  continuance 
weakened  the  eyes.  But  of  this  I  knew  nothing  till  afterwards. 
Feeling  depressed  by  the  heat,  I  took  twenty  drops — not  an  exces- 
sive dose — in  water.  The  very  next  day  I  had,  for  the  first  time 
in  my  life,  the  rolitanSy  I  cannot  say  musca.    My  attendant 

began  something  like  this  [sketch  of  an  irregular  ring]  and  fiitted 
about  perpetually.  It  has  been  gradually  diminishing,  and  is  now 
like  [sketch  of  a  similar  ring,  smaller  and  fainter]. 

*  This  peroxide  is  a  very  valuable  medicine — taken  in  food.  I 
should  add  that  it  restored  my  dimensions  in  ten  minutes.  I  had 
begim  to  lose  the  idea  of  occupying  space,  and  felt  as  if  I  could 
live  in  a  cocoon.' 

From  Sir  W.  E.  Hamilton  to  A.  De  Morgan. 

*  OBSERVATORr,  JiUp  4,  1864. 

* ...  In  your  "  Formal  Logic "  you  allude,  several  times,  to 
Hamilton's  Notes  on  Eeid ;  or  rather  you  ciie  them.  May  I  ask 
whether  your  copy,  if  dated  1846,  terminates  abruptly  in  the  middle 
of  a  note,  and  of  a  sentence,  at  the  end  of  page  914  ?  If  so,  do 
you  know  whether  any  continuation  has  been  since  published  P 
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Were  it  only  from  the  oiroumBtanoe  of  your  oontroversial  relations 
with  Sir  William  Hamilton,  I  should  like  to  know  more  of  Am         j 
writings  generally.    But  in  philosophical^  as  distinguished  from         ^ 
purely  logical^  speculations,  my  own  feeling  of  interest  is  of  Yeiy 
old  date  indeed.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  91,  Adelaide  Road,  July  5,  18^. 

'My  edition  of  Beid  by  Hamilton  ends  in  the  middle  of  a 
sentence ;  I  never  heard  of  that  sentence  being  completed,  and  do 
not  believe  in  any  such  thing.  •  .  . 

*  I  perfectly  agree  with  you  that  H.  is  a  most  interesting  writer 
— even  in  logic,  when  quantity  is  not  in  question.  On  this  point 
his  head  is  a  curious  one.  But  as  to  other  things  the  freshness  of 
his  mind,  loaded  as  it  was  with  learning,  is  unique.  When  at 
Oxford,  he  took  up  for  his  degree  so  many  books  which  were  quite 
out  of  the  power  of  his  examiners,  that  they  left  off  and  gave  him 
a  compliment  instead  of  an  examination. 

'  Tou  would  be  surprised  to  know,  by  examination,  what  an 
original  thought  it  was  to  put  the  sign  of  quantity  to  the  predicate. 
The  predecessors  who  have  declared  the  predicate  of  an  affirmative 
to  be  particular,  and  have  said  that  ''  some  "  is  the  sign  of  parti- 
cular quantity,  have  in  no  one  instance  written  down  '^  All  men 
are  %ome  animals,''  even  to  reject  it.  It  is  clear  they  never  thought 
of  it — it  never  struck  them  nor  they  it.' 

From  Sir  W.  R.  Hamilton  to  A.  De  Morgan. 

<  Observatoet,  J\dy  9,  1864. 

* .  .  .  Tou  know  that  I  have  recently  re-borrowed  Hamilton's 
"Reid";  and  I  must  say  that  I  agree,  at  prescfit^  much  more 
with  Ingleby  than  with  Hamilton  on  the  great  question  of  our 
Perception  of  an  Fxtefvml  Universe. 

*  I  am  much  more  to  be  described,  at  present,  in  H.'s  nomen- 
clature— ^which  I  don't  quite  like^  but  do  not  find  embarrassing — 
as  a  ^^Cosmofhetic  Idealist  "  like  Ingleby,  than  a  "  Natural  Realist," 
as  H.  at  least  supposed  himself  to  be;  although  it  is  just  now  in- 
comprehensible to  me  how  Hamilton  reconciled  that  classification 
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-ofhi^  own  tnetps  with  his  subtle  physiological  theory — adopted  also 
into  his  psychology — of  our  being  in  contact  with  the  outward  worlds 
through  a  highly  refined  Organism  ;  which  (as  described  by  him) 
is  wholly  unknown  to  people  in  general;  and  of  which  (as  so  described) 
the  belief  iormB  certainly  no  part  of  his  favourite  "  Common  Sbnsb." 

*  DifPering  from  H.  on  a  point  so  important  as  "  Perception," 
you  may  guess  that  I  differ  from  him  (at  present)  on  many  others 
^Aao ;  but  I  find  his  edition  of  ^'  Heid "  an  eminently  useful  (as 
well  as  entertaining)  book,  because  it  is  to  me  an  eminently  clear 
(as  well  as  learned)  one.  A  few  technical  terms  not  terrifyiug  me, 
and  the  quotations  being  pleasant  to  read,  I  seem  to  myself  to 
know,  very  distinctly,  in  almost  every  case,  what  he  meant ;  and 
can  generally  say,  after  a  little  self-examination,  whether  I  agree 
with  him  or  not.  I  like  decided  statements,  right  or  wrong :  one 
knows  what  one  is  about  when  dealing  with  them.  Sir  W.  H. 
assists  me  in  taking  stock  of  my  own  present  beliefs  on  subjects  of 
philosophy. 

'  Profound  as  his  ignorance  appears  to  have  been  respecting 
the  science  of  geometry y  it  seems  not  impossible  that  his  opinion 
respecting  editions  (including  manuscript  ones)  of  the  book^  "Euclid," 
may  have  a  value  from  his  admitted  scholarship.  And  it  runs  in 
my  head — though  I  cannot  at  this  moment  verify  it  by  reference 
to  a  page — that  H.  has  somewhere  said  in  a  note  to  "  Beid,"  that 
the  Axioms  (and  perhaps  the  Definitions)  which  we  now  find  in 
<5opies  of  Euclid  were  the  work  of  some  "  mendacious  Editor."  I 
own  that  I  have  long,  from  internal  evidence^  entertained  a  suspicion 
of  their  non-genuinoiess,  however  honestly  inserted  they  may  have  been. 
The  division  into  [canonical)  Books  and  Propositions  (for  I  waive 
the  question  of  the  apocryphal  writings)  may,  probably,  have  been 
Euclid's  own.  But  the  rest  seems  to  me  likely  enough  to  have  been 
added  since,  though  probably  very  long  ago,  by  some  editor  or 
commentator^  to  make  the  work  look  more  systematic.  Such 
addition  may  have  been  of  a  piece  with  those  references  to  preced- 
ing propositions,  which  do  not  seem  to  have  been  given  by  Euclid 
and  Apollonius  themselves^  but  are  supplied  in  the  margins  of 
most  printed  editions  of  the  former,  and  are  incorporated  with 
Halley's  Latin  translation  of  the  latter  (Oxford,  1710).  Apollonius^ 
however,  did  probably  define  ;  and  Euclid  may  have  done  so.  In- 
deed, I  suppose  on  reflection  that  Euclid  is  likely  to  have  given 
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definitiom^  but  that  they  have  not  been  handed  down  to  me  with- 
out Bome  eorrttptionSf  and  perhaps  Bome  insertions.  The  Axioms  I 
could  quite  give  up.  On  the  whole,  however,  I  attach  no  value  to 
any  opinion  of  mine  in  this  matter. 

*  September  23.— I  have  not  yet  returned  Hamilton's  "  Reid/* 
though  I  shall  probably  do  so  this  very  day.  I  continue  to  admire 
Hamilton  himself ,  as  a  writer,  and  should  gladly  be  a  student  of 
his  works,  for  many  years  to  come ;  but  am  satisfied  that  I  should 
never  become  a  pupil.  His  whole  view  of  what  Philosophy  is,  or 
ought  to  be,  differs  essentially  from  mine.  But  it  would  not 
become  me  to  enlarge  at  present  on  such  a  topic' 

JFi'om  A.  Db  Morgan  to  Sik  "W.  R.  Hamilton. 

<  91,  Adklaisb  Road,  September  22,  1864. 

' .  .  .  I  have  nothing  to  say  about  myself  or  anybody  else.  At 
the  back  of  my  letter  [in  the  Athenmum]  of  September  17,  above- 
mentioned,  you  will  see  Hersohel's  stinging  answer  to  a  request  ta 
him  to  sign  a  declaration.  I  do  not  know  whether  you  were  asked 
— I  was  not.  I  suspect  the  result  wiU  be  a  warning  not  to  apply 
to  science  to  make  declarations  which  are — under  very  distorted 
phrases — intended  to  support  ecclesiastics  in  [exhijbiting  their 
sinuosity.' 

From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

<  Obsebvatobt,  September  23,  1864. 

' .  .  .  I  hope  that  people  will  not  send  me  the  circular,  which 
Sir  J.  Herschel  has  so  properly  refused  to  sign.  Of  course,  I  too 
should  refuse ;  but  I  might  think  it  necessary  to  send  my  letter  of 
refusal  to  be  printed,  and  that  would  be  a  bore. 

*  P.S. — It  is  a  curiosity,  I  think  of  copying  it  into  some  blank 
book  of  my  own.  Does  anyone  know  who  drew  it  up  P  At 
least  we  are  not  in  this  case  asked  to  sign  for  ^Hhe  love  of 
God." ' 
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H'om  the  Same  to  the  Same. 

<  Obsebtato&t,  September  30,  1864. 

*In  your  note  of  the  22nd  I  observe  that  you  speak  of 
^'Herschel's  stinging  answer";  and  ihe  Athenceum  of  September 
17  reports  Sir  J.  F.  W.  Herschel  as  having  written :  "But  I 
consider  this  movement  simply  mischievous,"  &o.  All  this  looks 
as  if  you  thought — and  as  if  he  too  thought — ^that  he  not  merely 
declined  to  siguy  but  even,  to  some  extent,  disapproved  the  declara- 
tion. I  find,  however,  from  a  Dublin  paper  which  reached  me 
yesterday,  that  it  has  been  recently  discovered  in  London,  and  the 
discovery  published  in  the  Press  newspaper  (date  not  given)  as 
part  of  an  article  on  "  Science  and  Bevelation,"  that  Sir  John 
Herschel  (whatever  he  may  have  supposed  himself  to  mean)  meant 
no  such  thing. 

*  The  following  is  a  sufficient  extract : — "  The  two  chief  dissen- 
tients from  the  well-intentioned  address  are  Sir  John  Herschel  and 
Sir  John  Bowring.  Their  replies  exhibit  some  slight  inconsistency 
— ^for,  while  they  refuse  the  authority  to  be  derived  from  the  ap- 
position of  their  signatures,  they  express  their  complete  concurrence 
in  the  principles  and  sentiments  of  the  declaration.  Sir  John 
Herschel  declines  for  the  sake  of  others  rather  than  himself.  He 
regards  the  address  in  the  light  of  a  semi-literary  semi-religious 
test,  and  resents  its  introduction,  not  as  a  burden  to  himself,  but 
as  grating  on  the  feelings  of  other  estimable  men  with  all  the 
harshness  of  controversial  hostility.  Sir  John  Bowring,  while 
professing  adhesion  to  the  terms  of  the  document,  replies  in  a  less 
amiable  and  less  conciliatory  spirit."  In  fact,  I  do  not  see  how 
the  body  of  Sir  John  Bowring's  answer  is  reconciled  with  his  first 
sentence.  But  it  is  certainly  news  (from  London)  that  Sir  John 
Herschel  expressed,  in  his  letter,  his  complete  concurrence  in  the 
principles  and  sentiments  of  the  declaration.  Hodiernal  herme- 
neutics  are  advancing. 

*  I  am  happy  to  say,  that  I  have  not  been  hitherto  asked  ta 
sign  the  document ;  perhaps  an  Astronomer  is  regarded  as  scarcely 
a  Student  of  the  Natural  Sciences.  If  I  were  Professor  of  Mathe- 
matics, I  might  have  a  still  better  chance  of  escaping.  But  perhaps 
there  will  come,  after  some  time,  a  printed  circular  to  each  of  us^ 
with  many  names  attached.    Nous  verrons.* 
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[Sir  W.  B.  Hamilton  was  aaked  to  eign  the  declaration.  His 
reply  will  be  found  mpra^  p.  191.  The  above  letter  is  the  \bA 
written  by  Hamilton  in  this  Correspondence  which  has  been 
preserved ;  it  will  be  seen,  however,  by  the  letters  which  follow 
from  De  Morgan  that  the  latter  had  received  some  of  subsequent 
•date.] 

From  A.  Db  Morgan  to  Sir  W.  B.  Hamilton. 

«91,  Adblaide  Road,  October  2, 1864. 

^  I  take  Herschel  to  object  to  the  declaration  as  mischievoiis — 
independently  of  the  truth  or  falsehood  of  the  matter.  Bowring, 
agreeing  with  Herschel  in  the  recondite  discovery  that  two  truths 
cannot  contradict  each  other,  puts  forward  more  distinctly  his 
belief  that  the  truth  of  revelation  has  been  dormant  in  '^  contented 
ignorance." 

'  The  declaration  is  so  illogically  worded  that  no  one  who 
analyses  it  will  sign  it.  But  it  contains  some  propositions  which 
every  believer  in  revelation  admits — nay,  which  unbelievers  admit 
oonditionally.     But  H.  objects  to  it  beoeiuse  it  means  this : — 

*  Declaration  translated  into  English : — 

* ''  Colenso  and  others  are  inquiring  into  the  distinction  between 
historical  record  and  revealed  doctrine.  This  won't  do ;  our  system 
is  so  shaky  that  it  will  not  stand  substantial  repair.  Wby !  we 
dare  not  knock  in  a  nail,  for  fear  the  rotten  beam  should  crumble. 
We  must  have  a  declaration  that  two  truths  cannot  disagree. 
Some  must  sign  for  love,  and  more  for  fear;  we  must  say  in 
conversation  that  none  but  an  atheist  would  refuse  to  sign." 

^H.  and  B.  know  very  well  that  there  is  something  like  this 
under  all. 

'  There  is  an  old  dispute  which  I  find  in  an  old  writing  of  the 
first  century  which  tallies  exactly.  Colenso  and  the  rest  go  about 
saying :  &ti  ovk  mX  dcol  o!  Bia  xuptov  ^cvo/ucvoc.  That  is,  that 
records  or  traditions,  which  might  be  written  by  men,  are  not 
revelations  from  God.  The  craftsmen  who  get  Bviropla — which 
sums  into  666 — from  the  system,  meet  together  in  the  theatre,  and 
cry  for  two  hours :  MeyaXi)  ri  "AprtfiiQ  'E^cafcuv.  There  is  no  sen- 
sible ypainfianifQ  to  call  to  order,  so  H.  and  B.  have  taken  the 
office,  in  which,  indeed,  Daubeny  had  preceded. 
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'  Hersohel  refers  to  his  own  opinions  on  this  subject,  printed 
more  than  thirty  years  ago.  He  is  all  right !  except  that  he  uses 
the  common  mistranslation  of  cui  bono  ?  I  set  him  right  the  other 
day,  and  he  teUs  me  he  never  heard  the  real  translation. 

*  The  old  school  of  theology  must  have  been  very  hard  up  for 
something  to  do  when  they  contrived  this  declaration.  If  their 
clergy-declaration — ^with  every  influence  of  love  and  fear — only 
produced  half  the  clergy,  what  could  they  have  expected  to  do 
among  educated  laity  P  Their  list  of  names — that  put  forward  as 
the  choice  lot — is  a  very  queer  sample.  .  .  .  You  are  not  let  oJS  as 
an  Astronomer :  Main  is  there ;  and  you  would  have  been  asked,  if 
they  thought  there  had  been  a  chance.  And  they  would  have  had 
professors  of  mathematics.  But,  between  you  and  me,  mathema- 
ticians and  astronomers  are  not  looked  upon  as  the  ^lite  of  ortho- 
doxy; physical  science  and  natural  history  are  judged  more 
accessible. 

'  They  asked  Herschel,  no  doubt,  because,  over  and  above  his 
really  religious  character,  they  thought  him  a  timid  man.  They 
were  much  mistaken.  H.  is  of  a  nervous  and  diffident  tempera^ 
ment ;  but  perfectly  decided  in  his  course  of  action.' 

From  the  Same  to  the  Same. 

'  91,  Adblaide  Boas,  December  13,  1864. 

*  There  will  be  no  need  to  tell  you  that  you  must  be  aiding  and 
assisting  in  getting  a  pension  for  Boole's  wife  and  daughters  .  .  . 
An  application  will  be  made  and  must  be  well  backed  ...  As 
soon  as  I  get  materials  from  Cork,  I  intend  to  draw  up  some- 
thing which  I  will  send  you  for  revision.  .  .  . 

*  December  30,  1864. — Having  letters  to  write  on  this  matter,  I 
can  only  just  beg  your  immediate  attention  to  the  following  : — 

'  It  is  decided  to  present  a  memorial  from  Cork  College.  This 
is  to  be  backed  by  testimonies  £rom  men  of  science  in  separate 
letters — testimonies  to  Boole's  eminence  and  success.  The  letters 
to  be  addressed  and  forwarded  to  Dr.  Eyall,  Vice-President  of 
Queen's  College,  Cork.  Pray  write  at  once.  I  think  there  is  fair 
hope  of  success  ;  the  more  as  the  matter  must  go  through  the  Irish 
Government,  and  Irish  applicants  sing  over  it  in  hundreds  of  cases 
in  which  English  do  whistle  for  it. 
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'  In  the  railroad  days  an  eminent  parliamentary  solicitor  told 
mo  that  on  an  Irish  Bailway  Bill  there  were  some  half-dozen  of 
standing  orders  not  complied  with.  He  pointed  this  out  to  tiie 
Irish  solicitor  who  had  come  over,  simply  stating  that  the  thing 
was  lost  for  the  session.  **  Is  that  all  P  "  said  the  Irishman,  ^'  we'll 
move  the  House ; "  and  no  more  would  he  say.  And  no  more 
needed  he  to  say,  for  an  Irish  Member  moved  the  House,  and  it 
suspended  all  the  standing  orders  for  the  asking.  Whereat  the 
English  solicitor  opened  his  eyes  so  wide  that  he  has  neyer  been 
able  to  dose  them  since.  The  House  would  have  simply  laughed 
at  such  an  application  on  behalf  of  anything  on  this  side  of  the 
canal.     So  I  feel  hopeful  about  Boole's  case. 

*  February  3,  1865. — Before  I  did  the  like  [writing  a  cheque]  I 
wrote  to  Dr.  Byall,  misdoubting  that  the  subscription  plan  had  tiie 
sanction  of  the  relatives.  A  letter  from  him  crossed  mine,  repudi- 
ating the  scheme  altogether,  and  you  may  see  by  a  letter  in  the 
Times  of  to-day  that  the  thing  is  to  be  dropped.  Accordingly,  I 
have  crossed  your  cheque  to  Nogo  and  Co.,  and  return  it.  Such 
a  thing  may  be  wanted  yet,  if  the  application  to  Government  be 
unsuccessful;  but  Mrs.  Boole  is  not  yet  in  want,  and  has  good 
hope  of  the  application  to  Lord  Falmerston.  In  the  meantime 
they  will  all  feel  your  kindness  very  warmly.' 


CLOSE  OF  THS  CORRESPONDENCB. 
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[Through  an  inadvertenoe,  which  I  muoh  regret,  the  following 
letters  were  not  inserted  in  the  place  in  the  series  which  helongs  to 
them.  They  ought  to  have  come  in  immediately  after  the  letter 
of  April  16,  1852,  from  Professor  De  Morgan,  printed  on  pages 
252  and  253.  I  may  also  state  here  that  I  have  lately  come  upon 
a  detached  postscript  to  De  Morgan's  letter  of  May  21,  1852, 
pages  355,  356.    It  contains  his  proof  of 

IT      _  f  *     ^^ 

"  J  0  rr^' 


smirn 


and  is  referred  to  by  Hamilton  in  his  letter  of  May  24.  De  Morgan 
says  of  his  proof,  '  I  swear  by  the  above.  Let  me  see  who  has  a 
word  to  say  against  it.  But  being  true,  I  suspect  it  cannot  be 
new.    I  see  a  parcel  of  cousins  of  this  process.'] 


From  Sir  W.  E.  Hamilton  to  A.  Db  Morgan. 

<  Obsertatory,  April  19,  1852. 

*  After  working,  chiefly  at  my  book,  for  at  least  twelve  hours 
to-day — but  during  most  of  the  time  in  the  open  air — I  was  waver- 
ing whether  to  throw  myself,  which  I  seldom  do,  upon  a  sofa,  or 
in  some  other  way  take  rest ;  when  three  things,  in  the  way  of 
variety,  caught  my  eye.  Itnprimis,  your  double  note,  received  this 
morning,  and  read  with  interest  at  the  time ;  secundo^  Herschel's 
very  elegant  "  Collection  ofEjcamples  on  the  application  of  the  CalcU' 
lu8  of  Finite  Differences  (Cambridge,  1820)" ;  and  tertio^  a  copy  of 
Ghiy  Mannering.  I  have  dipped  within  these  few  minutes  into  all 
three,  and  am  in  a  mood  to  write  to  you  about  them.  Expect  no 
regularity ;  conceive  me  to  have  dipped  in  the  dark  into  an  urn, 
with  those  subjects,  and  other Sy  inscribed  on  pieces  of  paper.  Tet 
let  me,  as  suiting  that  very  conception,  number  my  sentences,  or 
paragraphs,  just  as  if  they  were,  what  happily  they  are  not,  the 
portions  of  a  book,  or  essay. 

^  1.  Please  to  interpret  for  me,  if  you  can,  or  refer  me  to  some 
place  where  you  have  interpreted  tibe  following  passage  in  Sir 
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Walter  Scott's  Introduotion  to  Chiy  Mannering : — "  Were  every- 
thing to  happen  in  the  ordinary  train  of  events,  the  future  would 
be  subject  to  the  rules  of  arithmetic,  like  the  chances  of  gaming. 
But  extraordinary  events,  and  wonderful  runs  of  luck,  defy  the 
calculations  of  mankind,  and  throw  impenetrable  darkness  on 
future  contingencies." 

'  2.  I  cannot  find,  in  Herschel's  Chapter  on  Continued  Frac- 
tions, any  trace  of  the  following  Theorem,  which  I,  not  long  ago^ 
perceived,  as  a  result  of  the  quaternion  calculus,  and  which  sjs  such 
admits  of  curious  interpretations,  but  which  is  valid  also  for 
arithmetic.    Is  it  new  P 

* "  If  Wjp  =  ( 1 1  Cj  and  r,  =  -^ — ^  (where  qi  q%  are  ftwol  roots 

\a-¥b)  Us  +  qi  ^    ^         ^      -• 

of  the  quadratic  equation  ?*  *  y«  +  i),  then  r,  =  qt  r©  ?i"*." 


*  3.  Tou  are  welcome  to  stare  at  the  "  two  "  roots  of  a  quadra- 
tic ;  but  you  must  know  that  I  am  not  quite  contented  at  there 
being  only  six  roots  (so  far  as  I  have  yet  been  able  to  assign  them 
— and  so  far  as  that  I  went  in  1844,  though  I  have  only  lately 
applied  the  result — }  for  a  quadratic  equation  in  quaternions  of  this 

particular  form, 

q^-qa-k-  b. 

I  have  recently  ventured  to  print  the  assertion  of  my  belief,  that 
there  are  ten  missing  roots^  which  probably  are  infinite.  For  t» 
general  an  equation  of  the  n'*  degree^  in  quaternions^  ought  to  have 
n*  roots,  real  or  imaginary.  In  sets  of  the  S'*  op^der^  such  an  equa- 
tion should  have  n*  roots.  Of  the  six  finite  roots  of  q^=^qa  +  ft,  where 
abq  are  8  quaternions,  I  found  so  long  ago  as  the  year  lately 
mentioned,  but  am  only  now  coming  to  print  the  investigation, 
that  tico  are  in  general  real  quaternions,  and  that  the  other  four  are 
imaginary. 

^  April  20 f  1852. — After  writing  what  is  on  the  foregoing  sheet 
I  resumed  Gug  Mannering^  and  became  fairly  caught  by  it,  though 
I  must  have  read  the  book  at  least  ten  times  before.  This  morn- 
ing I  am  fresh  for  work  again,  but  shall  continue  my  letter  to  you, 
and  shall,  really  for  the  sake  of  freedom^  go  on  to  number  the 
paragraphs. 
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^  4.  Have  you  any  faith  in  astrology  ?  Perhaps  this  is  not 
qnite  a  fair  question — if  so,  you  can  pass  it  hy.  I  never  tried  to 
acquire  the  slightest  knowledge  of  it ;  but  a  Moravian  Minister, 
an  uncle  of  mine  by  marriage,  the  Bev.  John  Willey,  was  supposed 
to  be  a  believer,  and  to  know  more  about  astrology  than  astronomy, 
although  he  had  wonderful  patience  and  neatness  in  the  graphical 
operations  of  the  latter ;  for  instance,  so  long  ago  as  1820,  he  sent 
to  me,  as  to  a  promising  lad,  or  one  so  considered,  a  beautiful 
drawing  on  a  large  scale  of  the  solar  eclipse  which  was  to  take 
place  in  the  September  (if  I  remember)  of  that  year.  But  he  was 
often  obliged  to  apply  to  me  afterwards  for  rwfea,  easily  investi- 
gated, for  constructing  other  charts  and  views.  I  never  asked  him, 
in  return,  to  cast  my  horoscope ;  but  could  have  told  him,  as  it 
happens,  the  exact  hour  (I  might  say  minute)  of  my  birth.' 

[Here  follows  a  half -sheet  filled  with  particulars  connected 
with  his  birth.  As  they  have  all  been  given  in  the  biography, 
and  as  Hamilton  desires  De  Morgan  to  bum  this  half-sheet  I 
decide  to  omit  it. 

Paragraphs  5  to  24  occupy  from  page  5  to  page  24,  inclu- 
sive, of  this  letter. 

I  am  indebted  to  Mr.  Cathcart,  F.T.O.D.,  for  the  following 
condensed  statement  of  what  is  contained  in  these  paragraphs: 

*  Hamilton  asks  whether  "  it  ever  occurred  to  De  Morgan  that  if 
an  ordinary  algebraic  equation  of  the  n'*  degree  in  a;  be  spKt  into  two 
equations  by  substituting  aj'+  %\f  for  a?,  and  if  yf  be  then  eliminated, 
the  result  must  generally  be  an  equation  of  the  degree  r?  in  of. 
Now,  because  x  has  n  values,  x  must  have  n  real  values,  or  this 
equation  of  degree  n'  must  have  n  real  roots.  But  what  becomes 
of  the  other  «*-»  roots?"  He  discusses  this  in  detail  for  a 
quadratic  and  cubic,  objecting  to  De  Morgan's  interpretation  in 
Double  Algebra  as  inconsiBtent  with  modem  views  in  geometry, 
and  insisting  on  the  retention  of  an  uninterpreted  symbol  v/-  1,  in 
order  that  geometrically  non-existent  points  may  be  treated  as 
non-existent,  although  sjnnbolised.  This  leads  him  to  adumbrate 
a  new  species  of  quadruple  algebra,  or  algebra  of  bi-couples,  claim- 
ing in  conclusion  that  this  letter  may  be  preserved,  as  it  "may  yet 
become  a  document  in  coimexion  with  speculations  on  bi-couples.'' '] 

VOL.  III.  2  s 
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From  the  Same  to  the  Sams. 

'  Obsertaiort,  April  22,  1852. 

*  The  correction  about  Fermat  is  important ;  and  the  anticipa- 
tion by  the  old  Bishop  is  very  curious  indeed.* 

*  While  your  mind  is  on  those  subjects — though  I  suppose  the 
principles,  and  even  the  history  of  the  Differential  Calculus,  are 
almost  as  familiar  to  you  at  one  time  as  at  another — I  wish  you 
would  spend  a  minute  on  considering  my  definition  of  the  diffe- 
rential of  a  function  of  a  quaternion,  which  I  gave  to  Charles 
Gh*ave8,  a  few  years  ago,  nearly  in  the  following  terms,  and  made 
the  basis  of  various  investigations.  Perhaps  you  may  have  met 
with  it,  almost  word  for  word,  in  some  book  ahready  published.  I 
have  made  no  search  on  the  subject. 

*  The  definition  which  I  employ  is  this : 


'^/i?=««-«|/(?+i'^)-/4 


Of  course  this  is  trtte  in  algebra,  but  I  want  to  know  whether  it 
has  been  expressly  proposed — perhaps  I  may  have  read  and  for- 
gotten it.  Its  grand  reconmiendation  to  nie  is,  that  it  in  no  way 
introduces  the  commutative  principle  of  multiplication,  and  is 
consequently  free  from  all  notion  of  differential  coefficients.  You. 
see  that  it  does  not  suppose  dq  nor  d/q  to  be  small,  dfq  is  given  by 
it  under  the  form  of  a  function  of  the  two  arbitrary  quaternions, 
q  and  dq^  which,  however,  is  linear  (or  distributive)  relatively  to  the 
latter,  but  is  not  generally  reducible  to  the  form  of  the  product  such 
Bs/'q .  dq.    This  is  important.     For  ex.,  .  .  . 

^The  postman  knocks.  Mathematicians  little  guess  what  an 
avalanche  of  problems  is  impending  over  their  devoted  heads — ^I 
have  this  morning  integrated  the  equation  in  quaternions  which 
represents  an  arbitrary  surface  of  revolution. 

*  What  you  say  about  Ghrant  is  very  interesting. 

*  April  24  ...  It  tantalises  me  to  think  that,  my  book  being 
already  so  big,  I  must  reserve  all  my  curiosities  about  differentials, 
variations,  and  integrals  of  quaternions,  for  some  future  occasion ' 

*  Supra,  pp.  361,  353. 
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From  A.  Dk  Morgan  to  Sir  W.  E.  Hamilton. 

*■  7,  Cakdsk-btreet,  Caicdsk  Towir, 
'  April  1Z,\Wl. 

'  I  will  read  the  long  letter  soon.    I  answer  the  short  one. 

'  Your  mode  of  exhibiting  the  second  term  of  the  development 
of/  {q  +  dq) — for  that  is  what  it  is — ^is  new  to  me.  I  have  often  seen 
the  infinitely  great  explicitly  substituted  for  the  infinitely  small  in 
an  integral,  as  in 


i^~\M'*'-^) 


+/f6+2 ]  +  ...         (n  =  QO 


+/ 

but  never,  to  my  reoolleotion,  have  I  seen  it  in  differentiation. 

'  But  why  is  this  definition  more  corrective  of  the  use  of  inver- 
sion in  multiplication  than  the  common  one  P  If  I  choose,  \sid.<f 
I  can  proceed  by  [q  +  dq)  {q  +  dq)  -  3^,  or  3^  +  qdq  -^dq  .q  -i^  dq^  -q*; 

or,  rejecting  dq^^ 

qdq  -vdq.q. 

So  PQ  gives  PdQ  +  dP  .  Qy  while  QP  gives  QdP  +  dQ.P,  and 
then  I  can  invert  or  not  as  I  choose  to  make  my  hypotheses. 

*  Tou  get  on  t6o  quick  for  poor  mortals  to  follow.  Tour  book 
must  be  out  and  I  must  have  a  year  to  think  of  it — at  least — before 
I  shall  fully  feel  up  to  your  manoeuvres. 

*  Your  namesake  (-*  Eowan)  has  fired  another  shot  at  me — to 
my  great  joy — in  a  printed  book  which  will  last.  I  always  re- 
gretted that  his  mode  of  arguing  against  my  views  was  in  an 
ephemeral  pamphlet  and  a  letter  in  the  Athenceum^  and  now  he 
identifies  it  with  himself  Iq  aei  in  a  big  volume  of  philosophy. 
There  will  some  day  be  a  biographical  comparison  of  the  two 
Sir  W.  H.'s,  for  your  respective  ghosts  to  meet  and  talk  over. 

*  Minns  sign  of  exception.  [In  a  note  of  De  Morgan's,  written  September 
25,  1862,  he  says,  '  I  get  on  better  with  you  in  matters  of  quantification  than 
with  the  other  of  the  name.  It  all  lies  in  Rowan :  the  rowan-tree  was  a 
preseryative  against  witchcraft,  evil  eye,  &c.  (viV.  W.  Scott).'] 

282 


628   Correspo7idence  between  Sir  W.  Rowan  Hamilton  and 

*  I  have  never  heard  any  facts  in  favour  of  astrology.  I  do 
not  see  its  propheoies  oome  true.  I  have  investigated  the 
methods,  and  find  different  authors  wholly  disagreeing.  I  oannot 
imagine  how  the  astrologers  manage  to  get  different  destinies  for 
persons  bom  at  the  same  plaoe  and  hour — ^twins  for  instance.  If 
the  few  minutes  which  elapse  between  the  birth  of  twins  are  enough 
to  create  wholly  different  destinies,  it  follows  that  their  ordinary 
rules,  in  which  a  few  minutes  mako  no  difference,  must  be  futile. 
I  would  not  decide  d  priori  on  astrology  or  anything  else.  If  any- 
body would  startle  me  with  a  good  definite  prophecy  (fulfilled)  I 
would  look  out  for  more  evidence.  But  the  modem  astrologers 
are  mere  hinters  of  hint  compared  with  the  old  ones. 

^  Walter  Scott  has  blundered  in  Out/  Mannering,  He  makes 
the  astrologer  merely  ask  for  a  view  of  the  heavenly  bodies,  and 
from  this  view  with  the  naked  eye,  without  tables,  he  makes  him 
calculate  the  destiny  of  young  Bertram  so  closely,  that  the  very 
hour  and  minute  of  his  disaster  agrees  with  that  which  he  had  pre- 
viously prophesied  for  his  own  future  wife — and  the  prediction 
comes  true  afterwards.  Calculation  to  a  minute  from  the  optical 
appearance  of  the  heavens  is  a  feat  which  would  beat  the  three 
Astronomers  Boyal.  When  they  can  determine  the  parallax  of 
the  moon  by  standing  at  the  three  vertices  of  an  equilateral  triangle 
and  looking  at  the  object,  then  they  will  be  fit  to  compete  with 
Guy  Mannering. 

'  After  what  I  have  seen  of  clairvoyance,  I  will  not  reject  the 
Egyptian  stories.  A  cousin  of  mine  asked  one  of  these  black 
sorcerers  at  Alexandria  to  describe  me  by  name.  He  gave  nothing 
but  the  name.  The  man  immediately  described  a  person  sitting  at 
a  table  reading  by  himself. 

'  There  is  no  story  so  wonderful,  but  I  am  prepared  to  think 
it  possible.  This  is  a  great  step.  I  once  knew  all  about  what  was 
possible  and  what  was  impossible.  But  I  find  it  difiicult  to  believe 
further  than  I  see.' 

From  Sir  W.  B.  Hamilton  to  A.  Db  Morgan. 

*  OsssuYATORr,  April  26,  1852. 

^  Your  method  of  differentiating  a  function,  without  commuta- 
tion of  factors,  by  simply  developing,  and  taking  terms  of  first 
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dimension^  would  be  the  best,  I  grant  {ude  art.  572  supra*  which 
was  in  type  before  your  letter  arrived),  if  it  oonld  always  be  applied 
with  even  moderate  ease.  But  you  would  oblige  me  if  you  would 
fiend  me,  even  a  month  henoe — ^you  would  still  have  anticipated  me 
— any  neat  development  of  even  the  Bquare-root  of  a  sum  (r  +  g)i, 
where  rq  is  not  =  qr.  Tet  I  have  long  since  found  the  differential 
of  the  square-root  of  a  quaternion y  and  applied  it,  geometrically,  some 
years  ago. 

*  I  lay  no  stress  on  the  infinitely  great  value  of  n.    It  would 

«uit  me  almost  as  well  to  define  dfq=^  ^^^.  ar^  {/(S'  +  ^^)  "/^)> 

though  I  think  the  other  form  a  little  clearer.  But  the  important 
thing  is  that  I  avoid — 1st,  commutation  of  factors ;  2nd,  develop- 
ment in  series ;  3rd,  smaUness  of  differentials.  Perhaps  you  can 
give  me  (if  so,  I  shall  be  glad  to  get  it)  another  definition  eluding 
these  three  points.' 

From  A.  De  Morgan  to  Sir  W.  R.  Hamilton. 

*  7,  Caicdsk-stkeet,  Caxdtes  Toww, 
*  April  27,  1852. 

* ...  I  will  think  about  {a  +  J)*,  &o.     But,  like  a  true  sceptic 
I  first  ask  about  its  existence,  under  the  given  conditions. 

*  When  n  is  integer  we  have,  in  (a  +  6)",  not 

S  w„  aH'^'^y 

but  every  distribution  of  real  permutation,  as  in 

[a  +  by  a  aaa  +  aab  +  aba  +  baa 

+  abb  +  bab  +  bba 
+  bbb. 

If  then  you  can  give  us  (a +  6)'*  when  n  is  fractional,  you  will, 
perhaps,  tell  us  how  to  form  all  the  combinations  of  m  out  of  n, 
when  m  and  n  are  both  fractional,  or  n  at  least.  At  present  I  do 
not  realise  any  possible  form  of  development.' 


*  [This  seems  to  be  a  mistake  for  Lectures  on  Quaternions :  in  the  Elements 
there  are  no  articles  beyond  423 ;  and  art.  572  in  the  Lectures  is  apposite.  ] 
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From  Sir  W.  B.  Hamilton  to  A.  De  Morgan. 

'  OBSERYATORTy  u4/»rt7  29,  1852. 

'  I  am  oharmed  to  find  you  soeptical  about  (a  +  6)ik ;  it  was  the 
point  I  wished  to  bring  you  to.  I  have  no  present  faith  in  the 
possibility  of  a  development,  analogous  to  the  usual  one,  for  such 
a  square-root,  when  a  and  b  are  arbitrary  f unotional  characteristios. 
Suppose  (^  +  i^)i,  or  more  particularly  (log  +  sin)&.  Yet  I  do  not 
despair  of  somebody  discovering  log^  or  sin^.  But  for  quatemiona 
there  U  a  development,  though  I  scarcely  know  the  third  term.' 

From  A.  De  Morgan  to  Sir  W.  B.  Hamilton. 

'  7,  Caxden-strket,  Caicdbn  Towir^ 
<  April  30,  1652. 

*  I  have  matured  doubts  about  ^"y  ^  being  a  functional  symbol. 
In  my  Diff.  Caic.^  p.  598,  I  have  given  what  satisfies  me  we 
cannot  now  settle — 

m 

— ^(BayD-y), 


but  must  halt  between  an  infinite  number  of  cases.  Observing 
how  the  arbitrary  introduction  (const,  in  integration,  0  (cos  2irx)  in 
equation  of  differences)  increases  in  indeterminateness  at  every 
step  we  make  in  the  road ;  is  it  not  natural  to  think  this  increase 
of  indeterminateness  of  form  must  continue  P 

'  The  poorest  and  meanest  functional  equation  has  a  terrible 
wide  range  of  solution. 

*  If  ^  (;r  + 1)  =  ^  gives  ^a*  =  x  {^^^  2jra;) — where  x  is  ^t^J  func- 
tion not  inversive  of  cos — what  may  we  look  for  in 


( 


0(n+l,^)=log0(n,  ir) 
0  (o,  x)  =  a-, 

and  how  are  we  to  decide  which  of  all  the  solutions  is  properly 

m 

log"  X  ? 

*  Look  at  the  enormous  extent  of  solutions  of  <tl^x  =  or,  whore 
^T  B  \l/^x ;  xftx  being  ^,  and  we  are  bewildered. 
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*  We  know  that 

where  x  is  ^^1  f  unotion  whatever.  But  we  may  hardly  say  this 
oontains  all — though  the  conBiderations  in  my  Calculus  of  Func- 
tions seem  to  lead  to  a  such  conclusion. 


m 


*  I  do  not  doubt  that  there  is  a  development  of  0*  or  f^ .    My 
puzzle  is  to  know  which  it  is  of  an  infinite  number. 

*  Your  case  (a  +  6)*,  without  ah  =  Jar,  is  of  the  same  school  as 
(log  +  sin)i,  but  let  us  be  monomial  before  we  are  binomial,  unless 


m 


cause  be  shown.    I  doubt  if  you  will  do  flog  +  sin)*    before 


m 


(log  +  a  sin)'* ,  and  this  last  includes  log" . 

*  Where  is  Walker's  Logic  P  The  other  Sir  W.  H.  has  recalled 
my  attention  to  the  subject. 

From  the  Same  to  the  Same. 

<  7,  Camden-stkeet,  Cahden  Towk, 
*  May  1,  1862. 

*  Tour  letter  of  April  19,  five  sheets  long,  you  gave  permission 
to  me  to  defer,  and  I  have  availed  myself  of  it  liberally.  But  I 
happen  to  be  disengaged  for  the  moment,  and  it  comes  upon  me 
as  a  pleasant  occupation,  to  take  it  in  your  own  division. 

*  I  cannot  interpret  W.  Scott's  Chuy  Mannering : — "  Were  every- 
thing to  happen  in  the  ordinary  train  of  events,  the  future  would 
be  subject  to  the  rules  of  arithmetic,  like  the  chances  of  gaming." 
I  suspect  that  by  ordinary  train  he  means  equably^  head,  tail,  head, 
tail,  &c.  But  the  chances  of  gaming  are  not  so  calculable :  in  fact 
he  is  confused.  The  runs  in  gaming  precisely  resemble  ordinary 
events.  All  runs.  The  other  day  I  looked  into  some  old  volumes 
of  the  B.I.A.,  merely  because  they,  and  I,  and  an  unoccupied 
moment  came  together;  and  for  the  first  time  in  my  life  I  saw 
the  word  pemphigus.  That  same  evening  I  happened  to  light  on 
a  medical  review — and  saw  the  word  again — ^for  the  second  time. 

^  Some  years  ago  I  used  to  write  in  the  Dublin  Review^  before 
the  political  events  which  have  made  it  impossible  to  pull  with 
them.  The  Editor  and  the  now  Cardinal  were  looking  over 
papers,  books,  &c.,  and  came  upon  a  work  on  book-keeping^  with  a 
request  for  a  notice.    They  both  laughed  heartily  at  the  idea  of 


632   Correspondenu  between  Sir  W.  Rowan  Hamilton^  &c. 

whom  they  oould  possibly  apply  to  for  suoh  a  job,  and  when 
their  laugh  was  finished,  took  up  the  next  packet.  On  opening 
this  it  turned  out  to  be  a  MS.  from  me  of  an  article  on  book-keeping^ 
sent  without  any  previous  notice,  and  without  any  particular 
reason. 

^The  quaternions  I  must  defer  till  the  vacation,  when,  if  I 
possibly  can,  I  mean  to  sit  at  your  feet  till  I  feel  strong  enough 
to  get  up  and  walk. 

*  I  think  I  answered  on  astrology  and  your  birthday.  I  got  a 
letter  yesterday  from  a  relation  requesting  I  would  forward  to  his 
daughter  the  places  of  the  planets  for  certain  days,  which  *'a 
scientific  friend  "  of  hers  wanted.  Now  on  looking  at  the  dates  I 
saw  one  of  them  must  be  his  own  birthday,  and  I  felt  sure  that 
he  was  going  to  astrologise,  and  that  the  *'  scientific  friend  "  was 
dust  for  my  eyes  (or  eye  rather).  So  looking  at  the  Naut,  Aim. 
I  found  to  my  great  satisfaction  that  the  places  are  given  for  every 
Mr  days,  and  I  accordingly  sent  the  adjacent  days  to  the  given 
day,  saying  that  the  scientific  friend  could  no  doubt  interpolatey 
which  will  be  Hebrew. 

'  Something  like  your  case  of  n'  -  n  intruding  roots  does  arise 
in  the  common  way  of  producing  Cardan's  result.  And  nine 
roots  are  produced,  of  which  only  three  are  allowable,  &c.' 

[Unfortunately  the  concluding  sheets  of  this  letter  have  not 
been  preserved.] 
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POPULAH  ACCOUNT  OF  THE  QXTATERNION  CALCULUS. 

As  it  Beems  important  to  give  in  the  words  of  its  author  what  was 
intended  hy  him  to  be  a  popular  account  of  the  principles  on  which  the 
Quaternion  Calculus  was  founded,  I  print  here  two  documents  of  this 
nature :  the  unfinished  letter  to  his  uncle,  the  Eev.  James  Hamilton, 
of  which  mention  has  been  made,  supra^  vol.  ii.  p.  537,  and  an  Clemen' 
tary  Sketch  written  after  the  publication  of  his  ZeetureSf  and  therefore  to 
^e  accepted  as  a  fully-matured  exposition  of  its  subject. 

Drom  Sib  W.  R.  HAinxxoir  to  Rev.  James  Hamilton, 
[from  a  copy  by  w.  b.  h.] 

'  Obsxbyatost,  SepUmber  11,  1846. 

'  You  have  expressed  a  wish  to  see  some  written  account  of  the  prin- 
ciples of  my  theory  of  Quaternions,  respecting  which  we  have  had  con- 
Tersations  together  on  several  different  occasions.  I  shall  endeavour  to 
comply  with  your  desire  ;  but  must  first  recall  to  your  recollection  some 
•elements  of  that  view  of  Algebra,  which  I  published  in  the  Dransaetions 
of  the  R.  I.  A.  more  than  eleven  years  ago ;  and  concerning  which  I  had 
-often  talked  and  written  to  you,  at  periods  preceding  the  date  of  that 
publication. 

'  According  to  that  old  view  of  mine,  which  I  have  seen  no  reason  to 
abandon,  the  subject-matter  of  algebraic  science  is  the  abstract  notion  of 
Time ;  divested  of,  or  not  yet  clothed  with,  any  actual  knowledge  which 
we  may  possess  of  the  real  Events  of  History,  or  any  conception  which 
wo  may  frame  of  Cause  and  Effect  in  ITature ;  but  involving,  what  indeed 
it  cannot  be  divested  of,  the  thought  of  posiihle  Succession,  or  of  pure 
ddeal  Progression.    It  must  be  left  to  better  metaphysicians  and  mathe- 


634  Appendix. 

maticians  than  myself  to  determine,  whether  I  am  right  in  regarding 
such  a  thought  as  properly  expressed  by  the  words  ''  Pure  Time,"  and  as 
affording  a  sufficient  basis  for  the  erection  of  the  edifice  of  Algebra. 
Meanwhile  I  adhere  to  my  long-since  published  opinion,  that  Algebra  is 
the  Science  of  Pure  Time ;  and  in  encouragement  to  those  who  may  be 
disposed  to  giro,  on  trial,  some  degree  of  attention  to  my  views,  may 
mention  that  it  is  admitted  by  other  persons,  of  acknowledged  competence 
to  form  some  judgment  on  the  subject,  that  the  notion  of  time  supplies  at 
least  a  wide  range  of  illustration  to  algebra,  and  that  a  large  pairt  of  this 
science  can  be  developed  from  this  conception. 

'  It  may  also  be  accounted  a  presumption  in  favour  of  a  system  which 
introduces /r0f»  the  outset,  without  reserve  or  fear,  the  thought  of  time 
into  the  study  of  Algebra,  that  it  prepares  for  welcoming  as  friends, 
instead  of  suspecting  as  intruders,  those  trains  of  speculation  by  which — 
this  thought  of  time  being  the  guide — Napier  discovered  Logarithms,  and 
Newton  Pluxions.  In  the  speech  respecting  Quaternions  which  I  made, 
last  winter,  to  the  Academy,  the  occasion  warmed  me  into  saying  it  was 
time  to  have  done  with  the  pedantry  which  censured  Newton  for  the 
introduction  of  a  foreign  element.  That  element — the  notion  of  time, 
according  to  which  the  discoverer  was  led  to  conceive  fluxions  as  the 
velocities  with  which  magnitudes  vary — had  been  employed  by  the  author 
of  the  Canon  MirifieuSy  as  well  as  by  the  author  of  the  Prineipia.  In 
my  view,  as  in  theirs — ^if  it  be  not  a  presumption  in  me  even  to  defend 
them — the  thought  to  which  those  great  men  were  indebted  for  their 
great  discoveries  in  Algebra  is  one  not  alien,  but  native  to  the  soil.  And 
instead  of  seeking  to  attain  consistency  and  uniformity  of  system,  as  some 
modem  writers  have  attempted,  by  banishing  this  thought  of  time  from 
the  higher  Algebra,  I  seek  to  attain  the  same  object,  by  systematically 
introducing  it  into  the  louder  or  earlier  parts  of  the  science.  Indeed  I  am 
profoundly  impressed  with  the  conviction  that  if  the  intuition  or  concep- 
tion of  time  be  put  out  of  view,  as  foreign  to  Algebra,  then  Algebra  itself 
must  cease  to  be  regarded  as  a  science.  It  must  either  descend  into  the 
rank  of  an  art,  which  has  for  its  province  to  supply  convenient  rules  of 
calculation ;  or  pass,  by  what  to  some  minds  may  seem  an  ascent,  into 
the  category  of  a  language,  having  no  independent  truth,  but  only  at  most 
a  certain  coherency  or  elegance.  The  symbols  will  then  becone,  what 
many  now  account  them  to  be,  the  all-in-all  of  algebra :  the  analogy  to 
geometry  will  disappear:  the  signs  will  have  no  longer  a  refereV^  to 
things  or  thoughts  signified  by  them. 

*  September  22, 1846. — I  have  not  access,  at  this  moment,  to  either  ' 
Tractatus  de  Quadraturd  Curvarum,  by  Sir  Isaac  Newton,  which  was  j 
lished  in  London  in   1704,   nor   the  Mirifiei  Logarithmorum    Ca 
Descriptio,  by  Baron  Napier,  published  at  Edinburgh  in  1614;  \ 
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following  extracts  from  those  two  memorable  publications^*  which  I  made 
in  the  College  Library  several  years  ago,  may  serve  to  justify,  in  an 
historical  point  of  view,  some  of  the  assertions  made  in  the  preceding 
sheet  of  this  letter.' 


ELEMENTARY  SKETCH  OF  THE  NATURE  OF  THAT  CONCEPTION  OF 
MATHEMATICAL  QUATERNIONS,  WHICH  IS  DEVELOPED  MORE  IN 
DETAIL  BY  SIR  W.  R.  HAMILTON,  IN  HIS  RECENTLY  PUBLISHED 
VOLUME  OF  LECTURES  ON  THAT  SUBJECT. 

'  ( I ).  The  word  '^  Quaternion  "  requires  no  explanation,  since,  although 
not  now  very  commonly  used,  it  occurs  in  the  Scriptures  and  in  Milton. 
Peter  was  delivered  to  "four  quaternions  of  soldiers"  to  keep  him; 
Adam,  in  his  morning  hymn,  invokes  air.  and  the  elements,  "which  in 
quaternion  run."  The  word  (like  the  Latin  "  quatemio,"  from  which  it 
is  derived)  means  simply  a  set  of  four,  whether  those  "four"  be  persons 
or  things. 

'  (2).  But  the  question  arises,  what  special  connexion  has  the  number 
Four  with  mathematics  generally,  or  with  that  branch  of  mathematical 
science  in  particular,  to  which  the  "  Lectures  on  Quaternions"  relate  ? 

*  (3).  One  general  form  of  answer  to  this  question  is  the  following : — 
that  in  the  mathematical  quaternion  is  involved  a  peculiar  synthesis,  or 
combination,  of  the  conceptions  of  space  and  time;  and  that  while  time  is 
usually  pictured  or  represented  by  metaphysicians  under  the  figure  of  a 
line — a  single  stream  with  its  one  current — an  unique  axis  of  progression, 
SPACE  is,  on  the  contrary,  imagined  or  conceived  in  connexion  with  theee 
distinct  axes,  three  lines  at  right  angles  to  each  other ;  such  as  the  three 
edges  of  a  room,  which  meet  at  a  corner  of  the  ceiling,  or  of  the  floor, 
one  vertical  and  two  horizontal;  height,  length,  and  breadth.  In  time, 
we  have  only  the  forward  and  the  backward,  looking  before  and  after. 
In  space,  there  is  not  merely  the  contrast  between  the  directions  of  up- 
ward and  downward,  but  also  between  those  of  southward  and  northward, 
and  again  between  westward  and  eastward.  Time  is  said  to  have  only 
one  dimension,  and  space  to  have  three  dimensions.  The  former  is  an 
unidimensional,  the  latter  a  tridimensional  progression.  The  mathematical 
quaternion  partakes  of  loth  these  elements ;  in  technical  language  it  may 
be  said  to  be  "  time  plus  space,"  or  "  space  plus  time" :  and  in  this  sense 
fS  has,  or  at  least  it  involves  a  reference  to,  four  dimensions.     In  an 

we' 

we  *  See  for  these  extracts  a  note  to  the  General  Introductory  Remarkt  prefixed  by 
it  ea!^'  ^*  Hamilton  to  his  treatise  on  Algebra  as  the  Science  of  Pure  Time,  in  the 
ideal  •*^*^'**  °f  ^^®  Royal  Irish  Academy,  vol.  xvii.,  1837. 
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nnpablished  sonnet  to  Sir  John  Herschel,  entitled  *'  The  Tetractys  "  (a 
Greek  word  equivalent  to  the  Latin  Qaaternio),  the  anthor  of  the  Lectures 
introduced  the  two  following  lines,  which  give,  in  the  shortest  possible 
form,  an  expression  of  the  view  which  has  been  in  the  foregoing  remarks 
unfolded  more  at  length : — 

"And  how  the  One  of  Time,  of  Space  the  Three, 
Might  in  the  Chain  of  Symbol  girdled  be." 

'  (4).  Those  who  are  entirely  unacquainted  with  mathematical  science 
may  yet  derive,  from  what  has  been  above  remarked,  a  sufficient  prelimi- 
nary  insight  into  the  nature  of  the  speculations  and  inquiries  to  which 
the  *'  Lectures  on  Quaternions  "  relate.  A  philosophical,  if  not  a  techni- 
cally scientific,  knowledge  of  the  author's  general  aim,  and  of  the  idea 
which  has  guided  him,  may  in  this  way  be  easily  attained.  But  a  very 
moderate  acquaintance  with  the  conceptions  of  geometry  will  suffice  to 
render  intelligible,  from  another  point  of  view,  the  importance  which  t^e 
author  attaches  to  the  number  Four  in  mathematics. 

'(5).  As  early  as  the  first  book  of  Euclid's  EUhmwU,  an  attentive 
student  is  (or  may  be)  led  to  consider  the  relative  lengthy  and  also  the 
relative  direction^  of  one  straight  line  as  compared  with  another.  Thus 
when  Euclid  shows,  in  his  very  first  proposition,  how  to  construct  on 
a  given  base  AB  an  equilateral  triangle  ABC,  he  virtually  teaches  how, 
when  one  line  AB  is  proposed  or  given,  to  draw  a  new  lins  BC  (or  AC), 
which  shall  in  length  be  equal  to  the  given  one,  and  in  direction  shall 
make  with  it  an  angle  of  sixtg  degrees,  namely,  the  angle  ABC  (or 
BAC),  which  is  the  third  part  of  1 80  degrees,  or  of  two  right  angles. 

'(6).  In  this  elementary  example,  if  the  length  of  the  given  base  AB 
be  taken  as  the  standard  of  length,  and  be  on  that  account  called  tintfy, 
or  onSf  then  the  length  of  the  side  BC  (or  AC)  of  the  triangle  must  also 
be  denoted  by  the  same  number.  One  ;  and  these  two  nuicbbbs,  <ms,  and 
sixtg,  serve  in  this  view  to  define,  or  to  describe,  the  length  and  directum 
of  the  new  or  constructed  line  BC  ;  at  least  if  the  latter  number  (sixty) 
be  combined  with  the  consideration  of  a  certain  hand,  or  direction  of  rota- 
tion, towards  which  the  old  line  BA  may  be  conceived  to  tmn,  in  the 
plane  of  the  triangle  (or  of  the  paper),  as  indicated  by  the  curved  arrow 
in  the  figure. 

'(7).  The  foregoing  view,  although  not  precisely  the  same  with  that 
adopted  by  Euclid  himself,  in  his  exposition  of  the  elements  of  geometrv^ 
is  at  least  consistent  therewith ;  and  has  been  made  the  basis  of  an  im- 
portant and  modem  method  of  calculation,  respecting  directed  lines  in  one 
plane,  which  seems  to  have  been  first  introduced  about  the  commence- 
ment of  the  present  century,  by  Argand  in  France,  and  for  which  Prof essor 
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De Morgan  of  London  has  lately  proposed  the  name  of  Dottble  Algebra: 
because  it  recognises  and  employs  two  numerical  elements  (such  as  the 
numbers  1  and  60  in  the  foregoing  example),  as  required  for  the  joint 
determination  of  the  length  and  direction  of  a  straight  line.  And  it  is  now 
to  be  shown  what  is  the  nature  of  the  passage  that  has  been  made,  by 
the  author  of  the  Lectures  on  Quaternions,  from  such  a  double  system  of 
algebraic  geometry,  to  what  may  be  called,  by  analogy  and  contrast,  a 
quadruple  system  of  calculations  respecting  directed  lines,  or  a  system  of 

QUADBTTPLB  AlOEBBA. 

'(8).  This  passage  from  the  one  system  to  the  other  may  be  said  to 
consist  mainly  in  the  consideration  of  the  variable  plane  of  an  angle.  If, 
after  tracing  the  equilateral  triangle  ABO  on  a  cardj  which  at  first  rests 
on  a  horizontal  table^  we  then  lift  up  that  card,  with  the  figure  traced 
thereon,  and  lay  it  on  a  sloping  desk^  the  triangle  in  its  new  position 
takes  also  a  new  aspect;  it  faces  a  different  region  of  space,  and  may  be 
conceiyed  to  looJc  at,  or  be  looked  at  by,  a  new  point  of  the  heavens,  which 
is  not  now  the  vertical  point  (or  zenith),  as  before.  This  new  aspect  of  the 
figure,  or  of  the  plane  (or  desk)  on  which  it  is  now  situated,  is  the  new 
circumstance  introduced,  in  the  transition  from  Double  to  Quadruple 
Algebra.  And  in  fact  it  is  easy  to  see  that  this  new  circumstance,  of  the 
varied  position  of  the  figure,  namely,  of  the  triangle,  or  simply  (if  we 
choose)  of  the  ajxqle  ABC,  requires  the  consideration  of  two  new  numerical 
elements.  For  we  have  now  two  new  questions  to  answer,  or  two  new 
things  to  determine:  namely,  Ist,  the  slope  of  the  desk  (or  inclination  of 
the  plane),  suppose  forty-five  degrees,  conducting  to  a  first  new  number, 
45  ;  and  2nd,  the  direction  of  the  edge  (or,  technically  speaking,  the  line 
of  the  nodes),  where  that  slope  meets  the  table,  and  which  may  deviate 
from  the  line  of  north  and  south  by  any  other  number  of  degrees,  suppose 
seventy,  giving  thus  a  second  new  number,  in  this  case  70.' 


Vol.  II.,  Page  543. 


MADLER'S  CENTRAL  SFN. 


Sir  W.  B.  Hamilton's  account  of  Madler's  attempt  to  determine  the 
orbit  of  our  own  Sun  in  his  memoir  Die  Central- Sonne  (mentioned  supra, 
vol.  ii.  p.  543,  as  commonicated  to  Saunders^  Newsletter  of  January  1, 
1847)  seems  to  me  to  possess  the  merit  of  being  a  very  clear  and  effective 
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statement  of  an  inyestigation  which,  even  though  its  resolta  hare  not 
been  accepted,  must  always  be  of  interest  to  astronomers,  and  I  therefore 
reprodace  it  here. 

'By  an  extensive  and  laborious  comparison  of  the  quantities  and 
directions  of  the  proper  motions  of  the  stars  in  various  parts  of  the 
heavens,  combined  with  indications  afforded  by  the  parallaxes  hitherto 
determined,  and  with  the  theory  of  universal  gravitation,  Professor 
Madler  has  arrived  at  the  conclusion  that  ih$  Pleiades  form  the  central 
$roup  of  our  whole  Astral  or  Sidereal  st/item,  including  the  Milky  Way  and 
all  the  brighter  stars,  but  exclusive  of  the  mare  dietant  nebuUs  and  of  the 
stars  of  which  those  nebulte  may  be  composed.  And  within  this  central 
group  itself  he  had  been  led  to  fix  on  the  star  Alcyone  (otherwise  known 
by  the  name  of  Eta  Tauri)  as  occupying  exactly  or  nearly  the  position  of 
the  centre  of  gravity,  and  as  entitled  to  be  called  the  Central  Sun. 
Assuming  BessePs  parallax  of  the  star  61  Cygni,  long  since  remarkable 
for  its  largo  proper  motion,  to  be  correctly  determined,  Madler  proceeds 
to  form  a  first  approximate  estimate  of  the  distance  of  this  central  body 
from  the  planetary  or  solar  system ;  and  arrives  at  the  (provisional)  con- 
clusion that  Alcyone  is  about  thirty  four  million  times  as  far  removed 
from  us  or  from  our  own  Sun  as  the  latter  luminary  is  from  us.  It  would 
therefore,  according  to  this  estimation,  be  at  least  a  million  times  as  distant 
as  the  new  Planet y  of  which  the  theoretical  and  deductive  discovery  has 
been  so  great  and  beautiful  a  triumph  of  modem  Astronomy,  and  so 
striking  a  confiimation  of  the  Law  of  Newton.  The  same  approximate 
determination  of  distance  conducts  to  the  result  that  the  light  of  the  central 
sun  occupies  more  than  five  centuries  in  travelling  thence  to  us, 

*  The  enormous  orbit  which  our  own  Sun,  with  the  earth  and  the 
other  planets,  is  thus  inferred  to  be  describing  about  that  distant  centre ; 
not  indeed  under  its  influence  alone,  but  hg  the  combined  attractions  of  all 
the  stars  which  are  nearer  to  it  than  we  are,  and  which  are  estimated  to 
amount  to  more  than  one  hundred  and  seventeen  millions  of  masses,  each 
equal  to  the  total  mass  of  our  own  Solar  System,  is  supposed  to  require 
upwards  of  eighteen  millions  of  years  for  its  complete  description,  at  the 
rate  of  about  eight  geographical  miles  in  every  second  of  time. 

*  The  plane  of  this  vast  orbit  of  the  Sun  is  judged  to  have  an  inclina- 
tion of  about  eighty  four  degrees  to  the  ecliptic,  or  to  the  plane  of  the 
annual  orbit  of  the  earth,  and  the  longitude  of  the  ascending  node  of  the 
former  orbit  on  the  latter  is  concluded  to  be  nearly  two  hundred  and 
thirty- seven  degrees. 

*  The  general  conclusions  of  Madler  respecting  the  constitution  of  the 
whole  system  of  the  fixed  stars,  exclusive  of  the  distant  nebulsB,  are  the 
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following : — ^He  believes  that  the  middle  is  indicated  by  a  very  rich 
group  (the  Pleiades),  containing  many  considerable  individual  bodies, 
though  at  immense  distances  from  us.  Eound  this  he  supposes  that 
there  is  a  zone  proportionally  poor  in  stars,  and  then  a  broad,  rich,  ring- 
formed  layer,  followed  by  an  interval  comparatively  devoid  of  stars,  and 
then  by  another  annular  and  starry  space,  and  so  on ;  the  two  outmost 
rings  composing  the  two  parts  of  the  Milky  Way,  which  are  confounded 
with  each  other  by  perspective  in  the  portions  most  distant  from  our- 
selves. 

'Professor  Madler  has  acknowledged  in  his  work  his  obligations, 
which  are  those  of  all  inquirers  in  sidereal  astronomy,  to  the  researches  of 
the  two  Herschels,  Sir  William  and  Sir  John.  The  views  of  Sir  William 
Herschel  respecting  the  relation  of  our  Solar  System  to  the  Milky  Way 
will  naturally  recur  to  the  recollection  of  our  readers ;  and  while  astrono- 
mers are  anxiously  awaiting  the  shortly  expected  appearance  of  the 
•complete  account  of  Sir  John  HerscheVs  Observations  on  the  Southern 
NebuleB,  the  following  passages  of  a  letter,  which  was  written  in  1835  by 
that  illustrious  son  of  an  illustrious  sire  from  the  Cape  of  Good  Hope  to 
Sir  William  Hamilton,  may  be  read  with  peculiar  interest,  from  the 
^agreement  between  the  views  it  expresses  and  some  of  those  to  which 
Professor  Madler  has  been  led. 

*In  the  letter  just  referred  to  (from  which  an  extract  was  published 
et  the  time)  Sir  John  Herschel  expressed  himself  as  follows : — 

*  "  The  general  aspect  of  the  southern  circumpolar  region,  including 
in  that  expression  60°  or  70°  of  S.  P.  D.,  is  in  a  high  degree  bright  and 
magnificent,  owing  to  the  superior  brilliancy  and  larger  development  of  the 
Milky  Way;  which,  from  the  constellation  of  Orion  to  that  of  Antinous,  is 
in  a  blaze  of  light,  strangely  interrupted,  however,  with  vacant  and  almost 
starless  patches,  especially  in  Scorpio,  near  a  Gentauri  and  the  Gross;  while 
to  the  north  it  fades  away  pale  and  dim,  and  is  in  comparison  hardly  trace- 
able. I  think  it  is  impossible  to  view  this  splendid  zone,  with  the  astonish- 
ingly rich  and  evenly  distributed  fringe  of  stars  of  the  third  and  fourth 
magnitudes,  which  form  a  broad  skirt  to  its  southern  border,  like  a  vast 
curtain,  without  an  impression  amounting  to  a  conviction,  that  the  Milky 
Way  is  not  a  mere  stratum,  but  an  annulus  ;  or,  at  least,  that  our  system 
is  placed  within  one  of  the  poorer  and  almost  vacant  parts  of  its  general 
mass,  and  that  eccentrically,  so  as  to  be  much  nearer  to  the  parts  about 
the  Gross  than  to  that  diametrically  opposed  to  it." ' 
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Vol.  m.,  Pages  199,  200  (Note  1). 

ADDITIONS  TO  CONTENTS  OF  ELEMENTS  OF  QUATERNIONS. 

In  editing  the  .Elements  of  Quatemiani  the  following  addition  to  the 
Contents,  p.  Ivii,  was  also  overlooked.*  It  is  to  be  inserted  at  the  end 
of  paragraph  (r)  and  before  *  Abticle  423 — Mac  Gullagh's  Theorem  of 
the  Polar  Plane  .  .  .' 

To  paragraph  (r)  after  the  final  words  ^elastic  force ^  is  added  the 
word  '  corresponding.'  Then  follow  a  series  of  paragraphs  referring  to^ 
sub-articles  85,  86,  87  of  Aeticle  422  in  the  Elements,  pp.  754,  755. 

'P^M$riM^25,  1865. 

'(«).  When  a  given  or  first  ray,  p,  prolonged  or  shortened,  becomes  & 
second  ray,  pi,  at  the  same  side  of  the  centre  0,  so  that  Upi  =  U/>,  we  can 
easily  derive  from  LXIII.  the  expression 

ri  «  Tpi  =  abeir',  (T,) 

or  ri»  =  a*5»(J»  (Sp^-^) ;  (Tie) 

so  that  the  two  quantities,  h  and  r,  are  constant  together  or  Tariable 
together :  similarly  for  the  two  other  quantities,  h  and  r,  which  aie 
obtained  from  these  by  interchanging  sheets, 

*{t).  It  follows,  then,  that  one  sheet  of  the  cone  (Q,),  which  has  its 
surface  at  the  centre  of  the  wave,  and  rests  on  a  sphero-conic  (n)  traced 
on  the  wave-sheet,  contains  also,  or  may  be  considered  as  likewise  resting 
upon,  a  line  of  vibration  (A)  on  the  other  sheet,  and  reciprocally;  so  that 
each  of  these  two  curves  is  projected  into  the  other,  by  rays  from  O,  and 
one  would  appear  as  superposed  on  the  other,  if  we  imagine  them  to  be 
seen  by  an  eye  placed  at  that  point.  As  a  limiting  case,  when  the  pr^ 
jectingcone  reduces  itself  to  one  of  the  two  principal  planes — ^for  example, 
to  the  plane  (a) — ^then  the  ellipse  (a)  in  that  plane  may  be  represented 
by  the  equation  h^ »  he,  and  the  circle  (a)  has  for  equation  ri  =  a ;  9& 
that  the  condition  (T()  is  satisfied. 

<  h  August  26,  1866. 

'(«).  In  fact  the  quadrie  eone  (Q«)  must  cut  the  quartic  wave  in  an 
octic  curve,  or  else  in  a  system  of  curves,  of  which  the  product  of  tiie 


•  See  Manuscript-Book  D.,  1864,  pp.  32,  33 ;  and  41  .  .  .  60.    See  also  A.  1865^ 
pp.  101,  111,  161. 
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dimensions  is  tight ;  and  accordingly  we  find,  as  above,  that  the  compUU 
intersection,  here  considered,  of  the  two  surfaces,  consists  of  a  system  of 
two  quartic  eurves,  namely,  a  tphero-conic  (ri)  on  one  sheet,  and  a  line  qf 
vibration  (A)  on  the  other. 

'(1?).  [In  the  manuscript-book  nothing  follows  after  this  **(f?)."]  * 

The  above  date,  'August  26,  1865/  is  the  last  on  record,  I  believe, 
in  Sir  W.  B.  H.'s  manuscript-books,  of  scientific  work.  The  paragraphs 
here  given  have  not  previously  been  printed.  It  is  to  be  noted  that  the 
author  died  on  the  2nd  of  September,  1865. 

I  find  in  Manuscript-Book  G,  1864,  p.  73,  the  following  important 
notes,  communicated  to  Professor  Tait,  on  earlier  pages  of  the  Contents  of 
^^ments  of  Quaternions : — 

At  foot  of  p.  li. : — •  yf  April  26,  '65. — I  believe  that  it  is  better  to 
multiply  the  mass  into  the  half-square  of  the  (scalar)  velocity,  and  to  coll 
this  product  the  Living  Force,  as  recommended  by  some  modem  writers ; 
but  as  I  was  not  treating  of  Physics  proper,  I  have  been  content  to  use 
here  the  older  designation. — W.  B.  H.' 

At  foot  of  p.  liii. : — '  The  r  +  1  elongations  of  the  disturbing  forces 
in  the  r*  group,  are 

rO,  (r  -  2)6,  (r  -  4)^, ...    (4  -  r)ff,  (2  -  r)tf,  -  rO: 

At  foot  of  p.  Iv. : — '  April  26,  '65. — ^I  have  scarcely  at  all  looked  lately 
into  the  memoranda  of  our  correspondence  of  1858-59,  but  my  impression 
is  that  the  old  v  was  the  new  -  v.  The  new  v  and  o)  have  simpler  geo- 
metrical significations.' 

In  connexion  with  what  has  been  stated,  supra,  p.  124  (note),  I  have 
to  report  that  I  have  since  come  upon  passages  of  a  Journal  for  1861, 
which  leave  no  doubt  as  to  the  intention  of  the  author  of  the  Elements  to 
add  Note  A  on  Anharmonie  Co-ordinates,  and  Note  B  upon  the  Baryeewtrie 
Calculus,  From  these  passages  we  learn  also  more  fully  his  intention  as 
to  a  Note  G  (indicated  in  the  Elements,  p.  296  (note)),  as  well  as  with 
reference  to  an  Index.     The  passages  are  as  follow : — 

^August  26,  1861.  No.  444. — My  present  intention  is  to  confine  the 
few  remaining  pages  of  the  present  [Manuscript]  Book  to  memoranda  con- 
nected with  the  printing  of  Book  II.  of  the  Elements;  which  will  scarcely 
end  before  the  Z^Oth  printed  page,  if  it  do  not  extend  beyond  that  limit.  [It 
ended  exactly  with  the  ZQQth  page.—  W.  B.  H.]     Gonsequently  it  seems 
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eyen  more  likely  than  before  (compare  No.  409),  that  I  may  be  content 
to  conclnde  the  Yoluicb  (of  1861)*  at  the  end  of  that  Second  Book,  since 
it  will  be  absolutely  necessary  to  prefix  some  Pre/ace  and  3<nne  TabU  of 
Contmts,  as  also  to  print  iome  Index,  for  which  indeed  W.  E.  H.  has 
begun  to  make  preparatione :  and  I  have  already  promised  at  least  two 
Notes,  A  and  B  {Elements,  pages  34,  85,  &c.)  For  I  should  not  like  to 
go  much  beyond  300  printed  pages.' 

^August  28,  No.  453. — Have  searched  for  and  collected  References  to 
Future  Notes,  which  seem  as  yet  to  be  only  A  and  B  (see  No.  444),  though 
I  thought  there  had  been  a  promise  of  a  Note  G ;  [There  is  such  a  pro- 
mise, or  allusion,  in  the  note  to  Art.  272  in  page  296,  February  11,  1862. 
— W.  R.  H.],  and  now  think  that  I  shall  perhaps  insert  one,  containing 
some  account  of  the  new  Geometrical  Theorems  stated  in  NichoPe  Cydo- 
padia.^ 

*  August  13,  1861.  No.  409. — I  remarked  [to  the  printer]  that  Chap. 
III.  was  likely  to  be  much  shorter;  and  thst perhaps  I  might  decide  on 
publishing  the  Two  First  Books,  with  some  Preface,  &c.,  as  a  Fibsi 
Volume.' 


ERRATA  IN  *  LECTURES  ON  QUATERNIONS '  AND  IN  ♦  ELEMENTS  OP 

QUATERNIONS.' 

The  possessors  of  the  Lectures  on  Quaternions  and  Elements  of  Quater- 
nions may  also  be  glad  to  be  furnished  with  corrections  of  errors,  which  I 
have  found  noted  in  Hamilton's  Manuscript-Books. 

'LXCTUBES  OK   QUATXBKIONS.' 

In  A.  1857,  p.  509,  the  following  corrections  are  given  aa  to  be 
added  to  the  Errata  of  iheZeetures : — ^p.  686,  the  formule  [27]  and  [28] 
ought  to  be  printed  thus — 

[27]  1  -/(p)  -  9P*  +  2SS  .  ap.S  .Pp  +  2S.  yp, 

(the  last  coefficient,  2,  having  been  omitted). 

[28]     ..•v»^(p)-{yp  +  S(aS.)3p  +  )3S.ap)+y}:(l-S.yp)-»: 

'ElSMSHTS  of  QUATSBNIONS.' 

In  A.  1865,  p.  101,  two  important  errata,  in  connexion  witH  fig.  50, 
p.  190,  of  the  Elements,  are  noted : — instead  of  fi'Wp  read  fi'\\a  ;  insteadof 
j8"±i8  read  /3"i.a. 

*  Compare  tupra,  p.  133. 
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Vol.  in.,  Page  200  (Note  2). 

MEMOIRS  IN  WHICH  DETEBMINANTS  ARE  USED. 

With  the  date  Septemher  6,  1864  (E.  1864.  Div.  i.  §  2,  page  11),  a 
treatise,  incomplete,  though  occupying  30  folio  pages  and  numhering  41 
articles  (the  4 1  at  article  being  unfinished),  has  for  its  subject  the  follow- 
ing problem : — 

*  Let  x^  y,  2  be  the  co-ordinates,  right  or  oblique,  of  a  point  P  of  a 
curve  in  space  or  any  linear  and  homogeneous  functions  of  such  co-ordi- 
nates ;  and  let  a/  1/  a',  a/'  y"  a",  .  .  .  and  x^  y^  s:^  he  their  first,  second 
. . .  and  fifth  deriyativeR,  taken  with  respect  to  any  independent  variable,  t. 
Let  also  X  +  ^,  Y  +  y,  Z  +  z,  be  the  co-ordinates  (in  the  same  system)  of 
any  other  point  Q  of  space.  It  is  required  to  form,  by  determinants,  and 
without  quaternions,  the  equation  in  XYZ  of  the  quadric  cone,  which  has 
its  vertex  at  P,  and  Ylsls  five-side  contact  with  the  cone  of  chords  from  that 
point,  drawn  to  other  points  of  the  curve  :  scf  ^  %* .  .  ,  oc^  y^  %"  being  here 
supposed  to  be  given.' 

A  second  treatise,  dated  September  8,  1864  (E.  1864,  Div.  m.  §  1, 
page  101),  has  for  its  title  '  Extracts  and  Remarks  from  and  on^Dr.  Salmon's 
Lessons  Introductory  to  the  Modem  Higher  Algebra,  Dublin,  1859.'  It 
occupies  17  folio  pages,  the  last  being  headed:  'March  24,  1865. — 
Example  of  Solution  of  a  System  of  three  Equations.*  Of  this  the  last 
article,  34,  is  incomplete. 

The  following  page  (E.  1864,  p.  119)  has  the  very  late  date,  Tp  July 
8y  1865,  and  is  headed  Elimination  hy  Determinants;  of  which  it  gives 
three  examples. 


Vol.  II.,  Page  103. 

KANT'S    PHILOSOPHY. 

The  following  passage,  on  the  subject  of  Kant's  Philosophy,  is  repro- 
duced from  a  fragment  of  a  draft  of  a  letter  to  Mr.  De  Vera,  bearing  a 
date  only  a  few  days  anterior  to  that  of  the  admirable  letter  on  the  same 
subject,  which  is  printed  in  Vol.  11.,  pp.  103-5  of  this  work.  I  regret 
that  it  was  not  introduced  in  its  proper  place,  and  I  insert  it  here,  as  it 

2T2 


644  Appendix. 

seems  to  me  to  set  forth  with  great  cleamess  fondamental  principles 
oompendiously  referred  to  in  that  letter. 

'Observatory,  August  8,  1834  .  .  .  Meanwhile  I  think  I  can  form 
a  better  notion  than  when  I  last  wrote  about  the  object  of  Xant's 
''Practical  Beason" — ^for  though  I  have  not  jet  had  the  pleasure  of 
reading  or  even  seeing  that  work,  I  have  set  myself  seriously  to  the  task 
of  reviewing  my  almost  forgotten  knowledge  of  German,  and  have  studied 
a  large  part  of  the  Critique  of  the  "  Pure  Reason  "  in  the  original  with,  a 
pleasure  which  I  wish  that  I  could  impart  to  you.  Perhaps  indeed  you 
too  may  have  lately  read  the  work ;  but  if  not,  it  may  interest  you  to 
receive  a  short  sketch  of  its  purpose  and  results  so  far  as  I  know,  and  can 
in  a  letter  state  them.  Kant  begins  by  distinguishing  between  priori 
and  posteriori  knowledge ;  the  latter  having  its  source  in  experience,  the 
former  not,  although  in  the  order  of  time  no  knowledge  is  before  experi- 
ence; and  among  knowledges  of  the  priori  kind,  he  calls  those  ^ur^  which 
contain  in  them  nothing  empirical.  As  marks  by  which  priori  may  be  distin- 
guished from  empirical  knowledge  he  mentions  Necessity  and  Universality ; 
experience  never  showing  that  a  thing  must  be,  nor  even  (in  a  strict  sense) 
that  it  always  is ;  and  he  establishes  by  these  marks  the  existence  of  priori 
knowledges,  not  only  in  mathematics  but  in  other  regions  of  thought. 
Now  judgments  generally,  he  shows,  are  either  Analytic  or  Synthetic ; 
they  either  analyse  and  illustrate  our  former  knowledge,  or  by  a  synthesis 
they  add  to  and  enlarge  it.  In  all  theoretical  sciences  of  the  Reason, 
synthetic  judgments  d  priori  are  contained  as  principles ;  and  it  is, 
according  to  Kant,  the  general  or  fundamental  Problem  of  the  Pure 
Eeason,  How  are  such  judgments  possible?  How  can  we  gain  new 
knowledge,  or  effect  any  synthesis  of  thought  in  the  pure  priori 
sphere — not  deducing,  on  the  one  hand,  by  analysis,  nor  gathering,  on  the 
other  hand,  from  experience — and  since  analysis  does  [here  ends  the 
manuscript.] 
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pp.  341-349. 
*A.ddre88  as  President  of  the  Eoyal  Irish  Academy  on  Mr.  Pietbie's  Paper 
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British  Association  Report,  1843,  Part  n.,  pp.  3,  4. 

On  Equations  of  the  Fifth  Degree  ;  and  especially  on  a  certain  System  of 
Expressions  connected  with  those  Equations  which  Professor  Ba^dano 
has  recently  proposed  [1842]  :  Irish  Academy  Transactions,  xix., 
1843,  pp.  329-376. 
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^Address  as  President  of  the  Eojal  Irish  Academy,  on  Dr.  KANs'a 
Besearches  on  the  I^ature  of  Ammonia  [June  26,  1843]  :  IrUh 
Academy  Proceedings,  n.,  1844,  pp.  412-419. 

On  the  Calcnlns  of  Probabilities  [communicated  July  31,  1843] :  Irish 
Academy  Proceedings,  n.,  1844,  pp.  420-422. 

*0n  a  new  species  of  Imaginary  Quantities  connected  with  the  Theory  of 
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read  on  February  10,  1845,  and  referred  to  in  page  64,  has  not  been  receiTed 
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*0n  an  Isoperimetrical  Problem  treated  by  the  Calculus  of  Quaternions : 
British  Association  Report,  1847,  Part  n.,  p.  4. 
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discovered  Comet  or  Planet  [communicaiedYe^TMBrj  28, 1848]  :  L^sk 

Academy  Proceedings,  iv.,  1850,  p.  75. 
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pp.  492-499;  yiu.,   1854,  pp.  125-137,  261-269;  a.,  1855,  pp. 

46-51,  280-290. 
*0n  an  Extension  of  Quaternions  :    British  Association  Report,  1854, 

Part  II.,  p.  1. 
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1858,  p.  512. 


List  of  Papers  J  Memoirs  ^  Addresses^  &c.  653 

''Oil  a  certam  harmonic  property  of  the  envelope  of  the  chord  connecting 

two  corresponding  points  of  the  Hessian  of  a  Cubic  Cone  \communi' 

catedJxme  22,  1857]  :  Irish  Academy  Proceedings,  n,,  1858,  p.  524. 

*0n  some  applications  of  Quaternions  to  Cones  of  the  Third  Degree  : 

British  Association  JReport,  1857,  Part  n.,  p.  3. 
'*0n  the  Icosian  Calculus :  British  Association  Report,  1857,  Part  n., 
p.  3. 
On  the  Calculation  of  the  Numerical  Values  of  a  certain  class  of  Multiple 
AND  Definite  Inteobals:  Philosophical  Magazine,  xiy.,  Noyember 
1857,  pp.  375-382. 
On  some  Quaternion  Equations  connected  with  Fbesnel's  wave  surface 
for  bi-axal  crystals  \j;ommunicated  February  28,  1859,  and  May  9, 
1859]  :  Irish  Academy  Proceedings,  yu.,  1862,  pp.  122-124,  163. 
On  some  Quaternion  Equations  connected  with  Feesnel's  wave-surface 
for  bi-axal  crystals  :   British  Association  Report,    1859,  Part  n., 
p.  248. 
On  some  Quaternion  Equations  connected  with  Freskel's  wave-surfcu^e 
for  bi-axal  crystals :  Natural  History  Review,  ti.,  1859,  pp.  240- 
242,  365. 

*  [The  Natural  History  Review  and  Quarterly  Journal  of  Science  was  pubUsbed 
under  the  editorship  of  W.  H.  Harvey  and  Samuel  Haughton,  Vol.  i.-vii. 
London  and  Dublin,  1864-1860.] 

'*0n  AiTHABMONic  Co-Obdinates  [^communicated  K-^rnl  9,  1860;  May  28, 
1860;  June  25,  1860]  :  Irish  Academy  Proceedings,  vn.,  1862,  pp. 
286-289,  329,  350-354. 

On  Anharmonic   Co-Ordinates :    Natural  History  Review,  til,   1860, 
pp.  242-246,  325-327,  506-509. 
*0n  Geouetbical  I^ets  ik  Space  [communicated  June  24,  1861] :  Irish 

Academy  Proceedings,  Tn.,  1862,  p.  532-582. 
*0n  Geometrical  Nets    in    Space  :   British  Association  Report,   1861, 
Part  II.,  p.  4. 

Quaternion  Proof  of  a  Theorem  of  Reciprocity  of  Curves  in  Space: 
British  Association  Report,  1862,  Part  n.,  p.  4. 

Elementary  Proof  that  Eight  Perimeters  of  the  Eegular  inscribed 
Polygon  of  Twenty  Sides  exceed  Twenty-five  Diameters  of  the 
Circle :  Philosophical  Magazine,  xzni.,  1862,  pp.  267-269. 

On  a  New  and  General  Method  of  Inverting  a  Linear  and  Quaternion 
Function  of  a  Quaternion  [communicated  June  9,  1862]  :  Irish 
Academy  Proceedings,  vui.,  1864,  pp.  182,  183. 

On  the  Existence  of  a  Symbolic  and  Biquadratic  Equation,  which  is 
satisfied  by  the  Symbol  of  Linear  Operation  in  Quaternions  [commu- 
nicated June  23,  1862]  :  Irish  Academy  Proceedings,  Tin.,  1864,  pp. 
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*0n  the  Locus  of  the  Osculating  Circle  to  a  Curve  in  Space  [communicated 

June  22,  1863]:  Irish  Academy  Proceedings^  vin.,  1864,  p.  394. 
*0n  the  Eight  Imaginary  Umbilical  Generatrices  of  a  Central  Surface  of 
the  Second  Order  [communicated  January  11,  1864]  :  Irish  Academy 
Proceedings,  viir.,  1864,  p.  471. 

On  Hubeb's  Construction  of  the  Heptagon :  Philosophical  Magazine,  4th. 
Series,  xxvii.,  February  1864,  pp.  124-132. 
•Note,  appended  to  a  Paper  by  the  Rev.  Charles  Graves  ;  On  a  Theorem 
relating  to  the  Binomial  Co-efficients  [communicated  June  26,  1865^  : 
Irish  Academy  Proceedings,  ix.,  1867,  pp.  297-302. 

On  a  New  System  of  Two  General  Equations ;  of  Curvature,  including 
as  easy  consequences  a  new  form  of  the  Joint  Differential  Equation 
of  the  Two  Lines  of  Curvature,  with  a  new  Proof  of  their  General 
Ileotangularity  ;  and  also  a  new  Quadratic  for  the  Joint  Determina- 
tion of  the  Two  Radii  of  Curvature :  all  deduced  by  Gattss's  Second 
Method,  for  discussing  generally  the  Properties  of  a  Surface ;  and 
the  latter  being  verified  by  a  Comparison  of  Expressions  for  what 
is  called  by  him  the  Measure  of  Curvature  [communicated  June  26» 
1865]  :  Irish  Academy  Proceedings,  ix.,  1867,  pp.  302-305, 


POSTHUMOUS  PUBLICATIONS. 

Elements  of  Quaternions.    London :  Longmans,  Green,  &  Co.,  Octavo, 

pp.  i.-lix,  1-762. 
[Elemkntk  der  Quaternionen.   Deutsch  von  Dr.  Paul  Glan,  Docent  fiir 

Physik  an  der  Universitat  Berlin.    Zwci  Bande.    Johann  Ambrosius 

Barth,  Leipzig,  1882-84.     I  Band,  pp.  xxiv,  746,  gr.  8^  (Theorie 

der  Qu.);  II  Band,  pp.  Ixxiii,  436,  gr.  8°.  (Anwendungen.)] 
On  the  Elementary  Conceptions  of  Mathematics.     Seven  Letters  to  Vis* 

count  Adure  (March  and  April,  1835)  :  Hermathena,  Vol.  in.,  pp. 

469-489.     Dublin,  1883. 
Bern  arks,  chiefly  Astronomical,  on  what  is  known  as  the  Problem  of 

Hipparchus  [1855]  :  Hermathena^  Vol.  nr.,  pp.  480-506.     Dublin,. 

1883. 
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As  AN  Addendum  to  the  foregoing  List,  it  may  here  be  stated  that 
there  remain  in  manuscript  the  following  Papers  by  Sir  W.  B.  Hamilton, 
considerable  both  for  their  extent  and  importance ;  and  other  mathema- 
tical investigations  of  value  may  probably  be  found  in  his  numerous 
Manuscript-books.  All  these  remains  are,  or  shortly  will  bo,  deposited 
for  reference  in  the  Manuscript  Boom  of  the  Library  of  Trinity  College, 
Dublin  : — 

1.  A  criticism  on  the  work  by  Scheffler,  entitled  Der  SittutOom-KaU 

kuL     1856. 

2.  An  extension  by  means  of  Quaternions  of  some  propositions  laid 

down  by  Gauss  in  his  Disquisitiones  Arithmetics.     1856.     As 
to  Nos.  1  and  2,  vid.  supra,  p.  52. 

3.  Two  Letters  to  Professor  De  Morgan  on  Multiple   and  Definite 

Integrals.    96  folio  pages.     1858.      Vid,  supra,  p.  95. 

4.  Letter  (with  Postscript)  to  Andrew  S.  Hart,  LL.D.,  S.F.T.C.D., 

on  Anharmonic  Co-ordinates.     280  folio  pages.     1864.      Fid. 
supra,  p.  123,  also- Note  to  p.  124. 

5.  '  Lines  of  Curvature  and  Curvatures  of  Surfaces,  partly  ly  Quater- 

nions, partly  by  the  Methods  ofMonye  and  Dupin,^    38  pages,  130 
articles.     1864.     Vid.  supra,  p.  201. 

6.  '  Gausis  Measure  of  Curvature  of  a  Surfaced*     2  pages,  11  articles. 

1864.      Vid.  supra,  p.  201. 

7.  ^Intersections  of  Normals  to  Quadrics.*     74  pages,    262   articles, 

1864.     Vid.  p.  supra,  201. 

8.  *  Zocus  of  the  Vertex  of  a  Quadrio  Clme  having  Six-point  contact 

with  a  Curve  in  SpaoeJ     48  pages,   224  articles.     Vid  supra. 
p.  201. 

I  TBiNSFEB  from  the  conclusion  of  Professor  Tait's  article  Quaternions, 
in  the  ninth  Edition  of  the  Encyclopedia  Britannica,  the  following  list  of 
works  on  the  subject : — 

Allegret:  Essai  sur  le  caleul  des  Quaternions.    Paris,  1862. 

Tait :  An  Elementary  Treatise  on  Quaternions.    Oxford,  1867  ;  second 

edition,  1873 ;  a  German  translation  by  von  Scherff,  1880,  and  a 

French  translation  by  Plarr,  1882-1884. 
Kelland  and  Tait:  Introduction  to    Quaternions.     London,    1873; 

second  edition,  1882. 
Hoiiel :  Elements  de  la  ihSorie  des  Quaternions.    Paris,  1874. 
K.  W.  Unverzagt :  Theorie  der  goniometrischen  und  lonyimetrisehen 

Quaternionen.    Wiesbaden,  1876.     312  pp, 
Laisant:  Introduction  d  la  mSthode  des  Quaternions.     Paris,  1881. 
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Graefe  :  Vorluungen  Hher  die  Theons  ier  Quatemumen. 

Dillner  (in  Upsala) :  Venuch  einer  neu&n  Entwicklung  d&r  HamiUon^- 
$ehm  Methods^  g$nannt  *^Caleulu$  der  Quatemtonen.^*  (An  article 
in  the  Mathsmatisehs  Annalen,  xi.  Band.     Leipzig,  1877). 

Peirce  (Professor  Benjamin) :  Linear  Aeeoeiative  Algebra  {American 
Journal  of  Mathematicif  Vol.  iy.,  1881). 

[The  author  of  this  Paper  in  a  note^  p.  105,  makes  objection  to  Qnatemiona 
on  the  ground  of  the  treatment  of  imaginaries.  A  reply  to  this  objection  may, 
I  believe,  be  gathered  from  what  wiU  he  found  stated  by  Sir  William  Hamilton 
in  pages  578,  679  of  Vol.  11.,  and  pages  84,  86  of  Vol.  in.  of  this  work,  as  veil 
as  pauim  in  the  Correspondence  with  Professor  De  Morgan. — E.  P.  G.] 

To  this  list  Prof.  Tait  adds  :— 

*'  Sylvester  and  others  have  recently  published  extensive  contribntions 
to  the  subject,  including  quaternions  under  the  general  class  matrix,  and 
have  developed  much  farther  than  Hamilton  lived  to  do  the  solution  of 
equations  in  quaternions." 

Without  any  pretension  to  rendering  complete  the  above  bibliography 
of  the  subject,  I  here  set  down  some  further  references  as  Hkely  to  be 
useful  to  the  student : — 

Mathematieehe  Annalen,  xir.,  1877,  pp.  375-386  : 

Hermann  Grassmann  :  Der  Ort  der  Hamilton* schen  Quai&mumen 

in  der  Auedehnungelehre. 
ZeiUehrift  fiir  Mathematik  und  Phgeik,   Teubner,   Leipzig,    criticises 

certain  works  on  Quaternions  in  the  Literaturzeiiung  at  the  end 

of  each  volume  as  follows  : — 

xn.  Band,  1867,  p.  61 :  Hankel,  Forleeungen  uher  die  eomplexen  Zahlen, 

und  ihre  Functionen ;  i.  Theil :  Theorie  der  eomplexen  ZaMen- 

sgsteme.     Leipzig,  1861. 
XXII.  Band,  1877,   p.   83   of  the  Historiech-literarische  Abthetlung : 

TJnverzagt*s  Work  mentioned  above  by  Professor  Tait. 
xxiu.  Band,  1878,  p.  191  of  the  JHetorisch-literarieehe  Abtheilung : 

XJnverzagt :  Der  Winkel  ale    Grundlage  maihematieeher  Unier- 

iuchungen,  1877-8. 
xxrv.  Band,  1879,  p.  197  of  the  Hietorieeh-literarisehe  Abtheilung  : 

Odstrcil :  £ur%e  Anleitung  %um  Eeehnen  mit  den  Samilton^echm 

Quatemionen,  1879. 
Arehiv  der  Mathematik  und  Phyeih,    Leipzig,  Koch. 

LXix.  Band,  pp.  1-18.     Graefe :  JSinige  8dt%e  fiber  abwicielbare  Fldehen 
ahgeleitet  mit  Hiilfe  der  Quatemionen, 
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Amerietm  Journal  of  Mathematia,   Johiu  Hopkins  Uniyersity,  Balti- 
more. 

II.  1879,  pp.  205-210:  W.  I.  Stringham:  The  Quaiemion  Formula 
for  Quantification  of  Curves,  Surfaces,  and  Solids,  and  for  Bary- 
centres. 

IT.  1881.  Beside  Prol  Peirce's  article  :  Linear  Assoeiative  Algebra, 
included  in  Prof.  Tait's  list,  this  yolume  contains  Prof.  W.  I. 
Stringham's  article,  Determination  of  the  Finite  Quaternion 
Groups,  pp.  345-357. 

VI.  1884,  pp.  1-13  :  E.  W.  Hyde :  Calculus  of  Direction  and  Post- 
tion ;  and  pp.  270-286 :  J.  J.  Sylvester  :  Lectures  on  the  Prin- 
ciples of  Universal  Algebra. 

vu.  1885,  pp.  294-326 :  Arthur  Buchheim :  A  Memoir  on  Bi-quater- 
nions, 
American  Academy  of  Arts  and  Sciences:  Proceedings,  January  9,  1878  : 
Lowell :  Surfaces  of  the  Second  Order  as  treated  by  Quaternions 
(28  pages  octavo). 

Giomah   di  Matematiche,  diretto  dal  Prof.  0.  Battaglini;  Pellerano, 
Napoli. 
Vol.  XX.  contains  a  paper  by  Dino  PadeUetti,   entitled  Prineipii  delta 
Tearia  dei  Quatemumi  elementarmenie  espositi  (47  pages). 

Extract  from  the  introductory  Section: — *'ll  calcolo  dei  Quatemioni  mi 
Bembra  in  fatti  degno  di  essere  maicgiormente  conoeoiuto  ed  apprezzato  fra  noi : 
esfio  fomisce  un  mezzo  efficace  per  le  ricerche  geometriche  e  mecoaniche,  special- 
mente  adesso  che  i  metodi  geometriche  tendono  a  preyalere  sempre  pii^  nel 
campo  della  Meccanica  razionale,  I'algoritmo  hamiltoniano  sembra  natural- 
mente  indicato  per  traduzre  i  teoremi  meccanioi  in  formule  concise  e  di  facile 
interpretazione. ' ' 

''  The  GalculuB  of  Quaternions  seems  to  me,  in  fact,  worthy  of  being  more 
known  and  appreciated  among  us;  it  furnishes  an  instrument  efficacious  in 
carrying  on  geometrical  and  mechanical  researches,  and  especially  now  that 
geometrical  methods  tend  to  prevail  more  and  more  in  the  field  of  rational 
Mechanics,  the  Hamiltonian  algorithm  seems  naturally  indicated  for  the  expres- 
sion of  mechanical  theorems  in  fonnulsD  at  once  concise  and  of  easy  interpreta- 
tion." 

Professor  PadeUetti  mentions  some  studies  in  Quaternions :  all  of  them 
have  been  named  above  except  the  three  which  here  follow : — 

Laisant:  Applications  mdcaniques  du  calcul  des  quaternions.  Paris, 
1877. 

Bellavitis :  Calcolo  dei  Quatemioni  di  JSamilton  e  sua  relazione  con  il 
metodo  delle  equipollenze,  1858,  published  in  the^^^i  della  Societa 
ItaL  d,  Scienu,  Ser.  2,  Tom.  i.,  p.  126. 
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Prof.  Legnazzi :  AggiunU  illustrative  alia  eommem&rasiione  del  prof, 
conts  Giwti  Bellavitis^  Padova,  1881.  Chapter  ir.  (pp.  181-227) 
deals  with  Qaatemions. 

Clifford's  Mathematical  Papere  (Macmillan,  London,  1882)  contains 
towards  the  close  exercises  on  Quaternions. 

[In  the  Introduction  by  Prof.  Henry  J.  Stephen  Smith,  at  pp.  Ixii.-Ixri.,  vill 
he  found  some  eetimate  of  the  comparative  merits  of  the  Amdehnungtkhre  of 
Grassmann  and  the  Quaternions  of  Hamilton.  For  Hamilton's  own  statement 
of  the  position  of  Quaternions  in  reference  to  the  Autdehmmff§khre  see  LBctuiua 
oir  QvATKSNiOMSy  Preface  (p.  62).] 

A.  S.  Hardy,  Ph.  D. :  Elements  of  Quaternions,  second  edition,  re- 
vised, 240  pp.,  8vo. 

[Dr.  Hardy  is  Professor  of  Mathematics  at  Dartmouth  Col- 
lege, U.S.A.  *'  The  chief  aim  has  been  to  meet  the  wants  of 
beginners  in  the  class-room.'' j 

Elementos  de  Calculo  de  hs  Cuatemiones  y  sus  Aplieaeiones  prineipales 
d  la  Geometria,  al  Andlisis,  y  d  la  Meeaniea,  por  Valentin  Balbin, 
Doctor  en  Ciencias  fisico-matcmaticas,  Catedratico  di  matematicas 
Ruperiores  en  la  Universidad  Nacional  di  Buenos  Ayres,  ^c. ;  Buenos 
AyrcB,  1887. 
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268.  635,  note.  647.     An  anticipation 
of  Quaternions,    305-306.    426.   633- 
635. 
All^gret,  mathematician,  665. 
Allman,  Geoixe  Johnston,  340. 
America  and  Quaternions,  78.  207. 
American  Academy,  203-208. 
Ampdre,   Andr^  Marie,  480.  481.  482. 

484.  485.  486. 
Andrews,  Dr.,  104. 

Anglesey,  Henry  William,  1st  Marquess 
of,  316.  336. 


Anharmonic  Co-ordinates,  123-126.  653. 

655. 
Anharmonic  Quaternions,  22.  652. 
Animal  perception,  178. 
Animals,  Hamilton  and,  235-236. 
Annales  de  Mathematiques  (Gergonne's) 

316.  439.  441.  535.  539.  642. 
Anster,  John,  LL.D.,  62.  98.  101.  131. 

340.  411. 
Apjohn,  James,  M.D.,  647. 
Apollonius  Pergaeus,  68.   108.  187,  note. 

315.  347.  419.  542.  543.  595.  617. 
Applications  of  Quaternions  to  Cones  of  the 

Third  Legree,  82. 
Aquinas,  Thomas,  65. 
Arabic,  386. 

Arago,  Francois,  443.  645. 
Arbogast,  L.  F.  A.,  265.  266. 
Archmiedes,  68.  126.  599.  603. 
Argand,  Aim6,  96.  190.  316.  317.  436. 
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Arnold,  Matthew,  15. 
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Ashby,  Castle,  368. 
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Assurance  of  Life,  387.  388.  558. 
Asteroids,  The,  397-400. 
Astrology,  625.  628.  632. 
Astronomical  Calculations,  397-398. 474-6. 
Astronomical  Observations,  311.  312.  321. 

436.  462.  495. 
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Astronomy,  Lecturo  on,  645. 
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